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DRILLING FOR ANSWERS: OIL COMPANY 
PROFITS, RUNAWAY PRICES AND THE PUR- 
SUIT OF ALTERNATIVES 


TUESDAY, APRIL 1, 2008 

House of Representatives, 

Select Committee on Energy Independence and 

Global Warming, 

Washington, DC. 

The Committee met, pursuant to call, at 12:00 p.m., in Room 210 
Cannon House Office Building, Hon. Edward Markey [chairman of 
the Committee] presiding. 

Present: Representatives Markey, Blumenauer, Inslee, Larson, 
Solis, Herseth Sandlin, Cleaver, Hall, McNerney, Sensenbrenner, 
Shadegg, Walden, Miller, Sullivan, and Blackburn. 

Staff present: Morgan Gray. 

The Chairman. The Select Committee on Energy Independence 
and Global Warming is called to order, and we welcome all of you 
to our very important hearing today. 

Yesterday Americans saw that the price of gasoline hit a record 
high price. Today on April Fool’s Day, consumers all over America 
are hoping that the top executives from the five largest oil compa- 
nies will tell us that these soaring gas prices are just part of some 
elaborate hoax. 

Unfortunately, it is not a joke. For nearly eight years this admin- 
istration’s energy policy has been in the tank. Shortly after Presi- 
dent Bush took office, the price of oil was under $20. A few weeks 
ago oil reached an all time record high of $111, and currently 
trades at about $100 a barrel. 

During the same period, the price of gasoline has nearly tripled 
from $1.11 a gallon in 2002, to yesterday’s all time high when it 
hit $3.29 a gallon. And as we approach the summer driving season, 
skyrocketing gas prices are likely to soar even higher. 

Each week American consumers go to the gas pump and pay the 
price for this administration’s failed energy policy. Twenty percent 
of all households in America make less than $20,000 a year. With 
gas prices at $3.29 a gallon, the poorest 20 percent of American 
households are spending nearly ten percent of their income just on 
gasoline. 

American consumers also know that the major oil companies are 
reaping a major financial windfall. Big oil’s profits have more than 
quadrupled over the last six years. Just last year alone Exxon 
Mobil recorded more than $40 billion in profit, the greatest cor- 
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porate profit in history, and the five companies sitting before us 
today netted a combined $123 billion in profit in 2007. 

And what is the oil industry doing with all of this profit? Unfor- 
tunately, it goes as much to financial engineering as to renewal en- 

S ineering. Last year the five largest oil companies spent more than 
50 billion on schemes to prop up the price of their stock, and as 
they rake in the profits at a record clip, the major oil companies 
supported by the Bush administration are opposing legislation that 
would take $18 billion in tax breaks they currently receive and re- 
direct it to renewable fuels and clean energy. 

In April of 2005, President Bush said, “With $55 a barrel oil, we 
don’t need incentives for oil and gas companies to explore,” and 
that was true in 2005. With the price of oil now doubled and our 
planet’s thermometer rising, this administration must end its oppo- 
sition to the renewable energy incentive package that the House 
passed last month. 

So on April Fool’s Day the biggest joke of all is being played on 
American families by big oil while using every trick in the book to 
keep billions in federal tax subsidies even as they rake in record 
profits. 

Three things must happen immediately in order to insure the 
consumers can begin to get relief from high prices. First, the poor- 
est Americans are now spending an average of ten percent of their 
income to pay for gasoline. We need the companies here today to 
make a similar commitment to American families and pledge to in- 
vest at least ten percent of their profits in renewable energy and 
biofuels, to develop alternatives that will help consumers. 

Second, your companies and the Bush administration must sup- 
port, not oppose, legislation, that will unleash the renewable revo- 
lution we need in order to become energy independent and cut 
global warming emissions. 

And finally, the Bush administration must stop filling the stra- 
tegic petroleum reserve during periods of high prices in order to 
send a signal to the market and oil speculators that Americans will 
not be held hostage by those high prices. For too long this adminis- 
tration’s energy policy has led to tax breaks for big oil and tough 
breaks for American families. American consumers should not have 
to break the bank to fill the tank. 

The American people deserve answers, and it is time for big oil 
to go on record about these record prices. 

And now I would like to recognize the Ranking Member of the 
Select Committee, the gentleman from Wisconsin, Mr. Sensen- 
brenner. 

[The prepared statement of Mr. Markey follows:] 
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Opening Statement for Chairman Edward J. Markey 
“Drilling for Answers: Oil Company Profits, Runaway Prices and the Pursuit of Alternatives’’ 
Select Committee on Energy Independence and Global Warming 
April 1, 2008 

Yesterday, Americans saw that the price of gas hit a record high price. Today, on April Fool’s Day, consumers all 
over America are hoping that the top executives from the five largest oil companies will tell us that these soaring 
gas prices are just part of some elaborate hoax. 

Unfortunately, it’s not a joke. For nearly eight years this administration’s energy policy has been in the tank. 

Shortly after President Bush took office, the price of oil was under $20. A few weeks ago, oil reached an all-time 
record high of $ 1 1 1 and currently trades over $100. 

During this same period, the price of gasoline has nearly tripled -- from $1,11 a gallon in 2002 to yesterday’s all- 
time high, when it hit yet another record of $3.29 a gallon. 

And as we approach the summer driving season, skyrocketing gas prices arc likely far from over. 

Each week, American consumers go to the gas pump and pay the price for this administration’s failed energy 
policy. 20 percent of all households in America make less than $20,000 a year. With gas prices at $3.29 per 
gallon, the poorest 20 percent of American households arc spending nearly 1 0 percent of their income iust on 
gasoline. 

American consumers also know that the major oil companies are reaping a major financial windfall. Big Oil’s 
profits have more than quadrupled over the last six years. Just last year alone, Exxon Mobil recorded more than 
$40 billion in profit - the greatest corporate profit in history - and the five companies sitting before us today 
netted a combined $123 billion. 

And what is the oil industry doing with ail this profit? Unfortunately, it goes as much to financial engineering as 
to renewable engineering. Last year, the five largest oil companies spent more than $50 billion on schemes to 
prop up the price of their stock. 

And as they rake in profits at a record clip, the major oil companies, supported by the Bush administration, are 
opposing legislation that would take eighteen billion dollai^ in tax breaks they currently receive and redirect it to 
renewable fuels and clean energy. 

In April of 2005, President Bush said “with $55 oil, we don’t need incentives for oil and gas companies to 
explore.” With the price of oil now doubled and our planet’s thermometer rising, this Administration must end its 
opposition to the renewable energy incentive package that the House passed last month. 

So on April Fool’s Day, the biggest joke of all is being played on American families by Big Oil who are using 
every trick in the book to keep billions in federal tax subsidies, even as they rake in record profits. 

Three things must happen immediately in order to ensure that consumers can begin to get relief from high prices. 
First, the poorest Americans are now spending an average of 10 percent of their income to pay for gasoline. We 
need the companies here today to make a similar commitment to American families and pledge to invest at least 
10 percent of their profits in renewable energy and biofuels to develop alternatives that will help consumers. 
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Second, your companies and the Bush administration must support, not oppose, legislation that will unleash the 
renewable revolution we need to become energy independent and cut global wanning emissions. 

And finally, the Bush Administration must stop filling the Strategic Petroleum Reserve during periods of high 
prices in order to send a signal to the market and oil speculators that Americans won’t be held hostage by high 
prices. 


For too long, this Administration’s energy policy has led to tax breaks for Big Oil, and tough 
breaks for American families. American consumers shouldn’t have to break the bank to fill the 
tank. The American people deserve answers and it is time for Big Oil to go on record about these 
record prices. 



5 


Mr. Sensenbrenner. Thank you, Mr. Chairman. 

Today’s hearing is about high gas prices, and it is an issue that 
my Wisconsin constituents understand all too well. Due to a host 
of factors, including one of the highest gasoline taxes in the nation, 
my constituents pay some of the highest gas prices in the nation. 
In fact, just yesterday the American Automobile Association 
showed that gasoline is more expensive in my district than it is in 
Manhattan. In both places gas is at least 50 cents a gallon higher 
than it was at this time last year. 

Already reports are showing that Wisconsin residents may soon 
be feeling even more pinched due to rising fuel costs. The Capital 
Times in Madison reported that freight truck drivers are feeling 
the weight of higher diesel prices, citing data from AAA Wisconsin 
that shows diesel averaging $4.08 a gallon, up more than 50 cents 
from just last month. 

The story correctly notes that about 80 percent of the goods 
shipped in the U.S. use diesel powered trucks. The truck drivers 
are feeling the pinch, but it is being passed on to all of us. In fact, 
the high price of oil is one reason why my local investor owned util- 
ity, We Energies, is asking state regulators to approve a rate hike. 

It is not surprising that gas and oil prices are going up. World- 
wide demand is skyrocketing, too. Not only is there an increasing 
need for energy resources in this country, but countries like China 
and India have energy demands that far exceed their historical 
needs. 

One thing we know for sure is that the worldwide demand for 
energy resources is going to keep growing in the future and that 
we need an energy policy that will allow us to meet those needs 
without slowing the economy. 

Last May the Select Committee had a hearing on rising gas 
prices where we heard about the big impact that the oil and gas 
companies have on the economy. Everyone knows the impact that 
gasoline can have on goods in the market, but we also heard that 
these companies create a lot of good jobs and their expanded in- 
vestment in market driven research and technology only serves to 
create more jobs. 

The oil companies that we will hear from today are going to be 
called on to help meet the rising global energy demand. Naturally 
they are looking for new sources of traditional fossil fuels, and it 
is my hope they will continue to bring these new energy sources 
on line. Unfortunately, many of those sources are on unstable parts 
of the world with unsavory leadership, places like Nigeria and Ven- 
ezuela. 

But from their testimony today, it is clear that the oil companies 
are looking for new sources of energy like wind, solar, and biofuels. 
There is a growing market for these new technologies. These execu- 
tives know what the future holds both from their own studies and 
from groups like the National Petroleum Council. They know that 
their companies will have to be able to draw on diverse sources of 
energy in order to meet the rising demand. 

Now, I, too, believe that energy diversity must be a key part of 
U.S. energy strategy, and that includes traditional fossil fuels in 
addition to renewable energy, improved energy efficiency, and nu- 
clear power. Any reasonable energy policy must recognize that we 
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need affordable supplies of energy, and that oil and gas must con- 
tinue to play a dominant supply role for the foreseeable future. 

I look forward to today’s testimony from our witnesses who are 
striving to meet the challenge of securing energy in an insecure 
world and yield back the balance of my time. 

The Chairman. Okay. The gentleman’s time has expired. 

The Chair recognizes the gentleman from Oregon, Mr. 
Blumenauer. 

Mr. Blumenauer. Thank you, Mr. Chairman. 

I appreciate the opportunity to hear from the witnesses about 
their ideas about how to increase the use of renewable and alter- 
native energy sources and reduce our dependence on oil. 

You framed part of the question. People are, I think, understand- 
ably anxious about issues, the juxtaposition of record profits while 
paying more from the pump, and I look forward to people clarifying 
that part of the equation. 

But it leads to a discussion about what subsidies, if any, oil com- 
panies actually need to continue to be successful and at what part 
of the energy business. We have seen the industry capable of mak- 
ing profit selling existing cost effective technology, but still we see 
billions of dollars in subsidies from the American taxpayer, one of 
which it never really was intended to get when we made the 
change in 2004 repealing an export subsidy that was in violation 
of the WTO rules. The oil and gas industry was explicitly not eligi- 
ble for the repealed subsidy, yet through the magic of the legisla- 
tive process found themselves included in the replacement benefit, 
a bonus to the industry that was already booming, and as you 
quoted President Bush, oil at $55 a barrel he said did not need in- 
centives for oil and gas companies to explore. 

I am interested in being able to explore with our witnesses at 
what point an industry becomes sufficiently mature that it no 
longer needs as much taxpayer help, and what parts of the busi- 
nesses that are represented here today do need specific subsidies 
to be profitable. 

In the written testimony that I have reviewed, you describe a ro- 
bust renewable and alternative energy program that virtually all 
of the companies are involved with now and express support for re- 
newing tax credits for the production of wind and solar power. 

I personally believe that this is where we should be putting 
scarce taxpayer resources, not into existing technology which prob- 
ably no longer needs our help, but in areas where the cost of pro- 
duction and the curve of cost effectiveness is not quite as clear. 

And I look forward to being able to explore with our witnesses 
how we have passed this point and where we need to go in the fu- 
ture to maximize our entry into a renewable, sustainable future. 

Thank you, Mr. Chairman. 

The Chairman. Thank you. 

The gentleman’s time has expired. The Chair recognizes the gen- 
tleman from Arizona, Mr. Shadegg. 

Mr. Shadegg. Thank you, Mr. Chairman, and I assume that we 
are working under the rule that if I abbreviate my opening state- 
ment I get more time to ask questions? 

The Chairman. I think it is an all or nothing. 
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Mr. Shadegg. It is an all or nothing situation. Very well. Well, 
then it is an all. 

Thank you very much, Mr. Chairman, for holding today’s hear- 
ing. I think it is extremely important for us as Members of Con- 
gress, as well as for all Americans to understand the myriad of rea- 
sons for today’s extremely high oil prices and the consequent high 
price of gasoline. 

In that respect, this hearing is very timely considering that oil 
prices recently reached a $112 per barrel high just a few weeks 
ago. I am extremely interested in this issue as representing a west- 
ern state where we travel great distances and our commutes are 
dramatically longer than those of my colleagues who represent 
states along the East Coast. These issues are extremely important 
to me. 

And I also find that there is a sad lacking of basic economic un- 
derstanding both here in the United States Congress and in the na- 
tion at large. There are many issues, I believe, which are contrib- 
uting to the high price of oil and the consequent high price of gaso- 
line. 

I have in the past tried to encourage further construction of re- 
fining facilities without much luck. I believe we are relying on oil 
for many uses that would be better suited to other fuels. 

I am concerned that if you look at both the issues of supply and 
demand, we face a myriad of problems. We face government im- 
posed restrictions on supply. There are many, many places, I think, 
that all of us know here in America where we have known reserves 
of supply, but we are not allowed for various political reasons to 
go and look. 

Just over a year ago this Congress looked at trying to get either 
oil production or natural gas production on the Outer Continental 
Shelf at distances far enough off the shore where it would be lit- 
erally unknown to anybody on land, and yet we could not enact 
that legislation. 

In the Air Mountain West where I live, we have thousands of 
acres of land that are locked up, and we walk away from that sup- 
ply at a time when demand around the world is growing dramati- 
cally. China has moved quickly toward being a developed nation. 
It has an incredible demand for all commodities, including oil, and 
as that demand goes up, of course, that creates a greater demand 
around the world. 

The result of this is, I believe, not surprising, and it is a spike 
in the cost of oil for Americans and a spike in the cost of gasoline 
for my constituents who are deeply concerned about the issue. As 
my colleague, Mr. Sensenbrenner, noted, we are forced regrettably 
to rely on nations that are not our friends to supply oil, and it is 
my understanding at least that U.S. oil companies control less than 
ten percent of the world’s proven oil reserves, leaving American 
consumers often subject to oil prices determined largely by foreign 
countries and in some instances by foreign countries who are not 
our friends and who use that money to oppose us. 

Obviously, we have a tremendous interest in exploring alter- 
native forms of energy. I am keenly interested in that myself and 
would like to hear what you have to say about it. I, however, do 
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not believe that funding alternative energies by taxing current 
forms of energy serves American consumers well. 

And with that, I yield back the balance of my time. 

The Chairman. The gentleman’s time has expired. 

The Chair recognizes the gentleman from Washington State, Mr. 
Inslee. 

Mr. Inslee. Thank you. 

Just as I was walking in this room I had a fellow from Virginia, 
told him where I was headed into, and he said, “Congressman, I 
own stock in one of those companies, but give them hell anyway.” 

And I thought it was kind of indicative of what you know is the 
public sentiment out across the country, but I think that public 
sentiment is not because Americans do not understand the laws of 
supply and demand and we know that demand is going up with 
China and India and supply is somewhat limited. It is because of 
these two great abuses that they feel are going on that create this 
great anger besides just the price rise, and that is, first, they can- 
not understand when they’re paying 328 or 344 out in my State of 
Washington at the pump why then you then reach into their pock- 
ets and take out another $18 billion on April 15th out of their tax 
bill. They cannot understand that. 

And when they ask me to give you H., I think that is one of the 
reasons, because Americans believe and I think rightfully so that 
if you were going to give awards for taxpayer abuses, this would 
win the Heisman and the Oscar and the Nobel Prize, to reach into 
Americans’ pockets at tax time to take this when these prices are 
going up like this. 

And, secondly, Americans are concerned that even though we 
know, we know we have to wean ourselves off of oil and gas, that 
global warming demands this, even though Americans know that 
we are the most innovative people on the face of the earth, we are 
still seeing a very, very small as a percentage of your revenues in- 
vestment in the clean energy technologies that Americans know 
that we can perfect to really create a clean energy revolution in 
this country. 

So I hope that we will produce some thoughts about that. I will 
give you one saving grace. I know this to be a difficult hearing for 
you. I am not going to ask for your home phone numbers, and that 
could be the most effective regulatory system we have, but that is 
the one break you will get today. 

Thank you. 

The Chairman. The gentleman’s time has expired. 

The Chair recognizes the gentleman from Oregon, Mr. Walden. 

Mr. Walden. Thank you very much, Mr. Chairman, and thank 
you for holding this hearing. 

I want to welcome our witnesses, and we look forward to your 
testimony. 

I share the concerns you have already heard from members of 
both sides of the aisle. Certainly in a district that spans 70,000 
square miles, I can tell you I am hearing a lot from folks I rep- 
resent, farmers and ranchers and others who commute extraor- 
dinarily long distances, about the price of fuel. 
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You know that. We hear it for diesel as well, especially in the 
farm community. The inputs into our agricultural products are a 
real problem. 

What I would like to get to today is to find out how do we over- 
come this. Now, I am a Wg supporter of renewable energy and have 
been before it was even popular. Over the last month I bought my 
second hybrid vehicle. I now drive one in Oregon and one here in 
Washington, DC, and with all due respect, I have cut my payments 
to you by 66 percent with my new one in Oregon. 

I want to know though how we do both. How do we meet the oil 
and gas needs of today in America while we develop the renewable 
energy sources, the biofuels, the alternatives that, frankly, are 
being developed in my district and elsewhere around the country? 
How do we get those going while we still meet this demand? 

And we know part of the price spike we are paying on the world 
market is related to the devalued dollar. I mean, that is basic eco- 
nomics. You see it. We import so much. How do we get America 
more energy independent? How do we rely less on imports from for- 
eign countries, many of whom, quite frankly, let’s be honest, do not 
like us very well, Venezuela among them? So how do we develop 
our own resources? 

What can we do to help in that effort rather than just throw 
rocks at you and your profits, which I think probably a lot of them 
have come from most of our districts? I want to know how we solve 
the problem. 

That is what Americans want us to do here. We can gang up on 
you all, and certainly that will happen probably today, as you well 
anticipate, but I want to get beyond that and know how do we fix 
the problem in America so that we are energy independent, so we 
are secure in this country, so that we have the oil and gas we need 
as well as develop the renewables so that over the span we can 
grow out of an oil-based economy. 

Thank you, Mr. Chairman. 

The Chairman. Thank you. 

The gentleman’s time has expired. The Chair recognizes the gen- 
tleman from Connecticut, Mr. Larson. 

Mr. Larson. Thank you, Mr. Markey, and thank you for con- 
ducting this hearing, and thank you gentlemen for joining us today. 

Let me start with saying that I believe that the laws of supply 
and demand, especially as relates to oil, are completely broken and 
malfunctioning. I would like to know your opinion on this. I would 
like to know whether you think that, in fact, speculators are driv- 
ing up the cost, and paper is to account for a number of the reasons 
that let’s say senior citizens have to turn over their entire Social 
Security check in order to pay for oil that is delivered to their 
homes in the Northeast. 

And inasmuch as you receive 107 billion annually in taxpayer 
dollars, do you think that that is appropriate? I believe that the 
Independent Connecticut Petroleum Association is outraged, these 
rock-ribbed Republicans screaming that this whole situation has 
been nothing more than manipulation around greed, and they see 
it day in and day out with the customers that they are attempting 
to make deliveries to who are getting their homes foreclosed on, 
cannot afford prescription drugs, cannot afford to buy the food ne- 
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cessitated for their living, and yet are turning over their Social Se- 
curity checks so that they can pay for their fuel. 

That is the kind of problem that we are in, and lastly, with three 
percent of the reserves entirely in this nation, is it possible, do you 
believe that we can actually drill our way to energy independence? 

The Chairman. The gentleman’s time has expired. The Chair 
recognizes the gentlelady from Michigan, Mrs. Miller. 

Mrs. Miller. Thank you, Mr. Chairman. 

This Committee was formed to study the issue of global climate 
change, how it impacts society, how it impacts our environment, 
and today we are going to hear from the leaders of companies that 
many in the environmental movement blame for many of the chal- 
lenges that we face today. Of course, these are the big oil compa- 
nies. 

And in the difficult economy that our nation faces, this is the one 
industry that is thriving more than ever because of the incredibly 
high cost of oil. And everybody complains about the high cost, in- 
cluding probably every member of Congress as well, but I will say 
this at the outset. I think we should all take a very good look in 
the mirror as to some of the culprits about some of the high costs. 
We have done nothing as a Congress to advantage ourselves of our 
own domestic supply of energy resources in places like the ANWR 
or offshore reserves that would make us much less dependent on 
foreign oil. 

We have not made it very much easier to site new refineries that 
could increase the supply of gasoline and reduce prices, and we 
have regulated ourselves to an extent that drives prices up. 

But we have asked many in industry to make sacrifices and new 
investments, and many of them have actually responded. Our do- 
mestic auto manufacturers have borne the brunt, quite frankly, of 
this effort, and they are responding. They have heard the call. They 
have shouldered the mandates, and they are responding. 

Many other American companies and industries are also re- 
sponding as well. But despite all of this effort, our economy is still 
overly reliant on oil. The big oil companies continue to reap huge 
benefits. 

And I say this. I believe this very strongly, that before we are 
members of Congress or before we are oil executives or what have 
you, before we are anything else, we are all Americans. And every 
American has a responsibility to help reduce our dependence on 
foreign energy sources and also to conserve energy. 

And I hope on this Committee that we all are very familiar with 
the record profits being reaped by the oil industry, which in fact 
stand in very sharp contrast to the financial situations of many 
other industries who have been asked to make sacrifices to help us 
solve our energy problems. I hope that your companies, who are in 
a position really to be a major player in a brighter economic envi- 
ronmental future, that you do the right thing with these profits. 

Simply having these profits fatten the checkbooks of a few in- 
stead of investing for the good of us all is down the wrong path. 
You are in the position to invest in new, cleaner technologies that 
will not only change your industry, but could change the entire 
world if you have the courage and the foresight to do so. 



11 


And if you do not have that courage, if you refuse to change with 
America, then I believe you are going to see a backlash from your 
customers, the American people who are sick and tired of paying 
huge prices at the pump only to see your companies swimming in 
their money, and you are going to see a backlash from other indus- 
tries that are being decimated by high fuel prices. 

And because of that, you will also see a backlash from this Con- 
gress that could go further than just the elimination of tax breaks 
that you currently enjoy when we see that your companies have 
made combined profits of over $123 billion last year alone. 

And I also think you will see a backlash from your shareholders 
who will bear the brunt of the pain if you do not evolve to other 
energy technologies that will eventually replace oil as a primary 
energy source. So I hope that what we will hear today is not just 
a defense of record profits or a casting of blame on others for high 
prices or defensive tax breaks without the needs of good corporate 
citizenship or sticking your head in the sand and denying the effort 
to bring about alternatives to oil, and I look forward to all of your 
testimony. 

Thank you, Mr. Chairman. 

The Chairman. The gentlelady’s time has expired. 

[The prepared statement of Mrs. Miller follows:] 
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Congresswoman Candice Miller 


This committee was formed to study the issue of 
global climate change. 

How it impacts society and our environment. 
What is causing it. 

What can be done to change it if indeed it is 
caused by man. 

We have heard from leaders from environmental 
organizations, governments, private citizens and 
leaders of companies advancing new 
technologies. 

And today we will hear from the leaders of 
companies that many in the environmental 
movement blame for many of the challenges we 
face today. 
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They are also presently reviled by the American 
people who are being squeezed by the 
skyrocketing cost of gasoline. 

These are the leaders of the big oil companies. 

In the difficult economy our nation faces this is 
one industry that is thriving more than ever 
because of the incredibly high cost of oil. 

Everyone complains about that high cost 
including nearly every member of this Congress. 

But if we want to see some of the culprits for 
those high costs all we have to do is look in the 
mirror. 

We have done nothing to advantage ourselves of 
our own domestic supply of energy resources in 
places like ANWR or off shore reserves that 
would make us less dependent on foreign 
sources of energy. 
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We have done nothing to make it easier to site 
new refineries that could increase the supply of 
gasoline and reduce prices. 

We have regulated ourselves to an extent that 
drives prices up. 

But we have asked many in industry to make 
sacrifices and new investments to limit our 
usage of energy and many in this economy have 
responded. 

Our domestic auto manufacturers have borne the 
brunt of this effort. 

They are being told to produce vehicles that are 
more fuel efficient while also trying to build 
vehicles that consumers demand. 

And they are responding. 

All of the Big Three are ramping up the 
production of advanced hybrid vehicles. 
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They are producing cars that can run on E-85 
ethanol that outstrip our ability to produce the 
fuel. 

They are planning to soon introduce plug-in 
hybrid vehicles run on advanced battery 
technology that could revolutionize the industry. 

They are researching vehicles that can run on 
hydrogen and many other alternative fuels. 

They are building plants like the new Ford 
Rouge Plant which is one of the greenest in all 
of industry. 

They have heard the call, they have shouldered 
the mandates and they are responding. 

Many other American companies and industries 
are responding also with money being poured 
into research, development and deployment of 
new energy technologies. 

But despite all of this effort our economy is still 
overly reliant on oil. 
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And the big oil companies continue to reap those 
benefits. 

And America is demanding change to make us 
less reliant on this expensive energy source that 
is blamed for so many of our problems. 

And I believe this strongly, before we are 
members of Congress or before we are oil 
executives, or before we are anything else, we 
are all Americans. 

And every American has a responsibility to help 
reduce our dependence on foreign energy 
sources and conserve energy to benefit all of us. 

Whether it is investing in new technology to run 
a cleaner factory, our producing higher mileage 
cars, or investing in wind turbines to supply our 
electricity, or turning off the light when you 
leave a room - we can all do something to help 
solve the problem. 
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Now we on this committee have heard from 
many who hope to be a part of the solution and 
that is what I hope we hear from all of you 
today. 

We all know about the record profits being 
reaped by the oil industry which stand in sharp 
contrast to the financial situations of other 
companies who have been asked to make 
sacrifices to solve our energy problems. 

Your companies are in the position to be major 
players in a brighter economic and 
environmental future if you do the right thing 
with those profits. 

Simply having those profits fatten the 
checkbooks of a few instead of investing for the 
good of us all is the wrong path. 

You are in the position to advance new cleaner 
technologies that will not only change your 
industry but could change the entire world if you 
have the courage and foresight to do so. 
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If you do not have that courage, if you refuse to 
change with America then I believe you will see 
a backlash from your customers, the American 
people, who are sick and tired of paying huge 
prices at the pump only to see your companies 
swimming in their money. 

You will see a backlash from other industries 
that are being decimated by high fuel prices. 

And because of that you will see a backlash 
from this Congress that could go further than 
just the elimination of tax breaks you currently 
enjoy which are becoming increasingly difficult 
to justify when your companies are making 
combined profits of over $123 billion last year 
alone. 

I also believe you will see a backlash from your 
shareholders who will bear the brunt of pain if 
you do not evolve to other energy technologies 
that will eventually replace oil as a primary 
energy source. 
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So you need to look beyond the next quarterly 
balance sheet. You need to make real 
investments in technologies and not just lip 
service to alternative energy. 

Just as the maker of the horse carriage would 
have been wise to transition to building bodies 
for automobiles or telegraph operators would 
have been wise to transition to become 
telephone companies your organizations would 
be wise use your record profits to be the leaders 
in providing the next energy sources. 

I hope what we will hear today is not just a 
defense of record profits, or a casting of blame 
on others for high prices, or defense of tax 
breaks without the need for good corporate 
citizenship, or sticking your head in the sand 
denying the effort to bring about alternatives to 
oil. 

All of that would be counter-productive and 
waste of all of our time. 
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I often hear a commercial on the radio back 
home for Marathon Oil Company that ends with 
the tag line - An American Company serving 
America. 

You are all American companies. How are you 
serving America? 
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The Chair recognizes the gentleman from Missouri, Mr. Cleaver. 

Mr. Cleaver. Thank you, Mr. Chairman. 

Mr. Chairman and Ranking Member Sensenbrenner, thank you 
for this meeting. 

I think all of you are already hearing what is going on at home. 
We have been on a break. It has actually been a work break for 
most of us, and one of the things that we hear over and over again 
is what are you guys going to do about the high price of gasoline, 
and I spoke with a woman about a week ago who earns $18,000 
a year and cannot afford to fill up her tank to get to work. Kansas 
City, Missouri does not have mass transit. We only have buses, and 
so she is about to lose her job because she cannot afford to get to 
it. And so she is losing all the way around. 

And with the skyrocketing price of a barrel of oil and people pay- 
ing more than $3 a gallon in Missouri, the anger level is rising sig- 
nificantly, and my concern is that we not have a dialogue today 
about, you know, whose fault it is. I think I came here prepared 
to hear everyone say, “It is not our fault,” but I think it is the fault 
of people in this room, and I think something can be done. 

The perception is terrible. I mean people talk about the percep- 
tion of Congress, and you know, our approval ratings. Your ap- 
proval ratings are lower than ours, and that means you are down 
low, and I think you probably have the lowest approval ratings in 
the nation. 

So I am hoping that before this session is over you can raise your 
approval ratings by giving some real answers. 

Thank you, Mr. Chairman. I yield back the balance of my time. 

The Chairman. Great. The gentleman’s time has expired. 

[The prepared statement of Mr. Cleaver follows:] 
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U.S. Representative Emanuel Cleaver, II 
5 “' District, Missouri 
Statement for the Record 

House Select Committee on Energy Independence and Global Warming Hearing 
“Drilling for Answers: Oil Company Profits, Runaway Prices and Pursuit of Alternatives” 

Tuesday, April 1, 2008 


Chairman Markey, Ranking Member Sensenbrenner, other Members of the Select Committee, 
good morning. I would like to welcome our distinguished panel of witnesses to the hearing 
today. 

As the price of oil skyrockets past $105 per barrel, and Americans are paying well over $3 for a 
gallon of gas, we cannot ignore our country is in an energy crisis. The answer to this problem is 
comprehensive, and must include energy that is renewable, if we are to become truly energy 
independent. Renewable alternatives to oil like wind, solar, hydrogen, and biofuels have the 
ability to aid in making our country more energy independent. My mobile office unit in Kansas 
City, Missouri runs on grease from local restaurants. This may not be realistic for every vehicle 
in the country, but it’s certainly a start. 

While the prices of oil and gasoline increase, oil companies are reporting record profits on a 
seemingly annual basis. I firmly believe the success of business, especially that of American 
companies, is important to our economy, particularly at this difficult time. However, the 
disparity between the profits of companies producing oil and gas and the increasing prices at the 
pump are inexplicable. 1 hope that the representatives visiting us today will be able to clarify 
these concerns, and also to give us an indication of what the future of energy is for our country. 

I thank all of our witnesses for their insight, and I appreciate them taking the time to visit with 
our committee this morning. 


Thank you. 
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The Chair recognizes the gentleman from Oklahoma, Mr. Sul- 
livan. 

Mr. Sullivan. Thank you, Mr. Chairman. 

And I am really glad that you are here today. I appreciate you 
taking the time to come here to discuss climate change and energy 
independence. We want to see our country move toward energy 
independence, but we want to do it in a way that does not sacrifice 
jobs in America. 

Congressman Cleaver, I, too, was on a break recently, and I 
heard people talking about things, but one of the biggest things I 
heard about when I was home is that people are concerned about 
their food prices going up because of ethanol. They think that they 
are using all of the corn in this country, that people are going to 
the grocery store. A loaf of bread costs a lot of money right now, 
and that is one of the ways we tried to address it, and I think that 
that is a big problem. I heard that more than people talking about 
gas prices, actually, talking about a loaf of bread. You know, that 
is a big problem. 

I want to thank again all of you for being here. Also, Mr. Lowe 
from ConocoPhillips, I appreciate you being here. The 
ConocoPhillips is in my district. It is a big company, and they em- 
ploy a lot of people. 

One of the things, too, I get tired of hearing about, is everybody, 
all politicians, you cannot hear a political speech almost daily with- 
out someone saying big oil, big oil. I guess every politician has to 
have a tangible devil to fight, but I get tired of hearing that. 

I do want to hear about what you guys have to say about what 
is going on, and I appreciate you, again, for being here and taking 
the time to discuss this very important issue. 

Thank you. 

The Chairman. Great. The gentleman’s time has expired. The 
Chair recognizes the gentleman from New York State, Mr. Hall. 

Mr. Hall. Thank you, Mr. Chairman, and thanks to all of our 
witnesses for being here. 

As we all know, the price of oil has been rising at a dizzying pace 
for the last several years, recently shattering the all time high and 
hovering above $100 per barrel. The numbers and impacts on both 
sides of the equation are staggering. Today the average price of 
regular unleaded gas in the United States is $3.29, up 60 cents 
from just last year. 

In New York the situation is even worse with the cost at over 
$3.40, and my constituents talk about the rockets and feathers syn- 
drome where the price seems to go up like a rocket and when it 
comes down, it kind of comes down like a feather, not quite so fast. 

President Bush may not have known about the concern that gas 
was going to break the $4 mark, but with prices already well above 
$3 before the summer, most Americans do not need to be reminded. 
They already see the impact on their bottom line every day. 

On the other side of the coin, we have the companies you gentle- 
men represent before us today. Since 2002, the combined profits of 
the five largest oil companies have quadrupled. Last year they 
made over $123 billion, shattering dollar records of their own. Dur- 
ing this hearing there will be a great deal of discussion trying to 
explain away these profits saying we need to reinvest. We are a big 
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company. Per dollar we do not make that much more than anybody 
else. 

But the bottom line is that these are the biggest profits in cor- 
porate history and that if the oil companies are not making a kill- 
ing off of these prices, who is? Certainly not the average family 
that pays more than it can afford to drive to school or for Dad to 
drive to work. Something is wrong, and we need to fix it. We need 
to stabilize our economy, give working families a break, and take 
action to mitigate climate change. 

On this last front I am encouraged that some of the witnesses 
have expressed support for a carbon reduction plan and support for 
and indeed investment in renewable and alternative energy 
sources. I hope we will be hearing today about how you can follow 
through and work with Congress to shape a policy that will take 
on climate change and also save our constituents from the squeeze 
they are current caught in the middle of. 

Thank you very much, Mr. Chairman. I yield back. 

The Chairman. I thank the gentleman from New York. His time 
has expired. 

And the Chair recognizes the gentlelady from Tennessee, Ms. 
Blackburn. 

Ms. Blackburn. Thank you, Mr. Chairman. 

I want to thank each of you for coming before us today, and my 
hope is that our Committee will have a reasoned discussion with 
you and that we will benefit from your experience and from your 
expertise and insight. 

I also hope that we are not going to sit here and try to place 
blame for what may be causing this. We have a problem to solve, 
and the problem is the high cost at the pump. 

Now, since January ’07, we have passed new energy taxes, new 
mandates, new burdens, new regulatory burdens on energy compa- 
nies trying to impose and move toward renewable energy, and it 
would appear that we are not getting the results that we want 
from some of those actions because we have seen gas go from $2.26 
a gallon up to $3.29, where it is today. 

We have seen over a 44 percent increase on the family budget. 
For every one dollar that gallon of gas goes up, that costs the fam- 
ily, an average family, about $600 directly out of their pocketbook. 

You all know the prices of crude, and today they are hovering 
right around $100. So there are some that would like to place 
blame on all of you and would place extra taxes on you, but I have 
got a question that I would like to pose, and it is this. If we take 
those actions, if we put more taxes on you and more regulation and 
more compliance, would it put this nation at risk for even more de- 
pendence on foreign, unfriendly sources of oil? 

What about a carbon tax or a cap and trade system? What is 
that going to do to the American public? We all know that America 
has the capacity to become energy independent and help lower en- 
ergy cost. Do we have the national will to do this? 

We all know we have vast coal, oil, and gas resources lying on 
or within our land and off the coast, and these can be developed, 
and our allies to the north are developing access to one of the 
world’s largest sources of natural energy resources in the Canadian 
shale oil. 
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Let’s not be shortsighted. Let’s put the family first. Let’s not let 
fear grip and manipulate our policies. We have a problem to solve. 
We need to work together on this. 

I yield the balance of my time. 

The Chairman. The gentlelady’s time has expired. 

The Chair recognizes the gentleman from California, Mr. 
McNerney. 

Mr. McNerney. Thank you, Mr. Chairman. 

I also want to thank the witnesses for joining us today on this 
critical topic, particularly to thank Mr. Robertson for coming here 
to represent Chevron, which is located in my congressional district 
in San Ramon, California. 

Well, it is obvious that businesses must show profits and be ac- 
countable to their shareholders. We seem to have a perfect storm 
of factors that have led us to the topic we are considering today, 
record high oil prices, record high profits for oil companies and 
clear evidence that the Earth’s atmosphere is warming. 

But I am hopeful today’s hearing will help us better understand 
exactly what the industry’s perspective on these issues is and as 
someone with a background in renewable energy, I do not believe 
that the oil and natural gas companies should be at odds with the 
renewable industry. The two should work in concert, and that 
makes perfectly good business sense. 

While petroleum resources are limited, renewable resources have 
the potential to address our nation’s long-term energy needs. So by 
investing in renewable energy, oil and gas companies can look to- 
ward the future and can pioneer initiatives with your resources 
that will give us significant long-term dividends. 

We know that progress is being made by companies such as 
Chevron, which is investing in energy efficiency, geothermal, hy- 
drogen, and biofuels. This approach should be more widely adopted, 
in my opinion, and embraced across the board. The companies’ rep- 
resentatives today have at their disposal the resources necessary to 
move forward securing our nation’s long-term energy future, and 
what we need now is a commitment and vision to make that hap- 
pen. 

Again, I look forward to your testimony and yield back to the 
Chair. 

The Chairman. The gentleman’s time has expired. 

The Chair recognizes the gentlelady from California, Ms. Solis. 

Ms. Solis. Thank you, Mr. Chairman, and thank you for having 
this important hearing. 

And also welcome to our witnesses. While I do not pretend to lay 
blame on you specifically, I do lay blame on the fact that our con- 
stituents certainly need to have some questions answered. 

And how is it that I can explain when I go back home, coming 
back from our recess, that the price of a gallon of gasoline in my 
district. East Los Angeles, San Gabriel Valley, working class blue 
collar, is upwards of $3.69 a gallon. For diesel it is over $4.00. 

And the questions that I get from people, especially our truckers 
because we have a very busy port in Los Angeles and much of that 
transaction occurs through my district, so people are going broke; 
they are going bankrupt. But they want to know why is it that 
these folks are making such a heavy profit, a large profit over a 
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small span of time, and that money then, and also those profits, 
cannot be redirected into renewable energy and fuels and hopefully 
increase the ability to create new green collar jobs. 

Every time that we keep away from the message of creating and 
investing in the United States with renewable energy, I think we 
are losing upwards of 100,000 jobs. At least that is what I am 
being told. 

So I am just asking you to please step up to the plate. Help us 
find those answers to our questions. Help us look for other alter- 
natives, and the suggestions that I do not want to hear are that 
we are going to keep drilling where we already know, folks in our 
district particularly, California, do not want to allow for more drill- 
ing along our coast and opening up old refineries like in the City 
of Wittier. 

Nixon Country it used to be known as, where we have some oil 
fields owned by, I think. Chevron. 

So I would just leave you with that and ask you to please keep 
in mind the constituents that we represent, and yield back the bal- 
ance of my time. 

[The prepared statement of Ms. Solis follows:] 
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Opening Statement - Congresswoman Hilda L. Solis 
Big Five Oil Company Hearing 
April 1, 2008 
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Mr. Chairman, thank you for holding today’s hearing. 

Our nation’s dependency on oil is hurting our consumers, our businesses, our economy, and our 
security. 

The nationwide average price of a gallon of gas has more than doubled since 2001 and in the last 
year it has increased by more than 20% ! 

It is $3.65 in parts of my district. 

Small businesses are hutting too. 

In 2006, when prices were considerably less, more than 86% of small businesses reported the 
cost of fuel had a negative effect on their revenue. 

The increasing cost of fuel has restrained both consumer spending and business investment. 

The cost of gasoline is made even worse by the overall economy. 

Payrolls fell by 63,000 in February and this Friday the Labor Department is expected to 
announce that they fell by another 50,000 in March. 

More than 650 families are facing foreclosure in the communities I represent and unemployment 
is nearly 7%, well above the national average of nearly 5%. 

The dollar near its all-time low against the Euro yesterday and may weaken further as the Federal 
Reserve moves to cut interest rates again later this year. 

Frankly, it is very difficult for my constituents to understand how it is that they are paying 123% 
more for gasoline at the same time your profits increased by 310%! 

You are here today because we must work together to rein in our nation’s dependency on oil and 
stabilize our economy. 

I believe that we can do both. 

But you must stop objecting to changes in the tax code which will even the playing field, 
changes which were passed by the U.S. House Just one month ago. 

You must join us in committing to a strategy of diversifying our energy sources through 
significant, long term investments in clean, secure energy sources. 

If we can do this together, I believe that we can help stabilize and even grow the economy while 
improving national security. 


I yield back the balance of my time. 
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The Chairman. The gentlelady’s time has expired, and the Chair 
recognizes the gentlelady from South Dakota, Ms. Herseth Sandlin. 

Ms. Herseth Sandlin. Thank you, Mr. Chairman, and thank 
you to our witnesses for being here today at this hearing. 

Yesterday, as we know, light sweet crude for May delivery was 
trading above $101 per barrel on the New York Mercantile Ex- 
change, and these developments continue to be shocking and finan- 
cially burdensome for families and businesses across the country, 
especially rural America like South Dakota, the state that I rep- 
resent here in the Congress, since people drive such long distances 
daily to get to work, to get their kids to school, to transport goods 
for their small businesses. 

The average price for a barrel of oil in January of ’02, about six 
years ago, was less than $20 a barrel. So even if we discount all 
of the other problems, whether they are geopolitical, environ- 
mental, supply, that flow from our addiction to oil, its price vola- 
tility alone seems to me dictates that we must more aggressively 
move to diversify our energy sources. 

Now, I strongly believe one solution to this oil addiction is an in- 
creased use of domesticly produced biofuels, such as ethanol, which 
have the potential to meet a significant portion of our nation’s en- 
ergy needs over the coming decades if we put the proper policies 
in place. This includes the robust and aggressive renewable fuel 
standard passed last December that drives the development and 
large scale production of cellulosic ethanol in the decades to come. 

And I just would have to note for my colleagues on the Com- 
mittee, I know Mr. Sullivan mentioned the concern of his constitu- 
ents about food prices. It has been shown that it has been energy 
prices associated with the processing and the transport of food far 
more than the cost of the commodities, such as corn and wheat, 
that are substantially driving up costs of food, and perhaps what 
we should evaluate, Mr. Chairman, and that is some of what we 
have been trying to do and some of what we have proposed in en- 
ergy policies that have passed the House as it relates to reevalu- 
ating some of the policies we put in place years ago, including in 
2005, but before that. 

Because for those of you who do not represent agriculture, our 
farm policies, most of them, kick in when prices are low. So we 
save taxpayers money when we are not paying loan deficiency pay- 
ments or counter cyclical payments, when the price of corn is 
where it has been, over $4 a bushel, the price of wheat, the price 
of soybeans with what they have been. 

And so we need to look at doing the same thing when it looks 
like other commodities’ prices are so volatile and going up, to re- 
evaluate how we spend taxpayer dollars when prices are high and 
when they are low, and we will look forward to getting your 
thoughts on that, as well as your thoughts on biofuels distribution 
and production across the country. 

Thank you, Mr. Chairman. 

The Chairman. The gentlelady’s time has expired and all time 
for opening statements from the Members has been completed. So 
now we will turn to our panel, and we will give each one of them 
an opportunity to make an opening statement before this Com- 
mittee. 
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Our first witness today is Mr. Stephen Simon, Senior Vice Presi- 
dent for ExxonMobil. Mr. Simon has over 40 years of experience in 
the oil industry, 35 of them spent with Exxon. He has served in 
his current role as Senior Vice President since 2004. 

We welcome you, Mr. Simon. Whenever you are ready, please 
begin. 

STATEMENT OF STEPHEN SIMON, SENIOR VICE PRESIDENT, 

EXXON MOBIL CORP.; ACCOMPANIED BY JOHN 

HOFMEISTER, PRESIDENT, SHELL OIL COMPANY; ROBERT 

ROBERTSON, VICE CHAIRMAN, CHEVRON; JOHN LOWE, EX- 
ECUTIVE VICE PRESIDENT, CONOCOPHILLIPS; AND ROBERT 

A. MALONE, CHAIRMAN AND PRESIDENT, BP AMERICA, INC. 

STATEMENT OF STEPHEN SIMON 

Mr. Simon. Thank you. Chairman Markey, Ranking Member 
Sensenbrenner, and members of the Committee. 

The world’s economy runs on energy. Americans depend on it 
every day to fuel their cars, heat their homes, and power their 
businesses. Because energy is so important, all of us have a respon- 
sibility to engage in an open, honest, informed debate about our en- 
ergy future that is grounded in reality and intent on finding viable 
solutions. 

In that spirit, I would like to make three points during my allot- 
ted time. First, our earnings, although high in absolute terms, need 
to be viewed in the context of the scale and cyclical long-term na- 
ture of our industry, as well as the huge investment requirements. 

Second, stable tax and regulatory policies are essential to encour- 
aging needed investments. Imposing punitive taxes on American 
energy companies which are already paying record taxes will dis- 
courage the sustained investments needed to continue safeguarding 
U.S. energy security. 

Third, all reliable and economic forms of energy are needed to 
meet growing needs, but the pursuit of alternative fuels must not 
detract from the development of oil and gas. 

Allow me to elaborate on each point in turn. 

Because of the massive scale of our industry, our profitability in 
absolute terms is large, particularly in the current up cycle, but in 
2007, the oil and gas industry earned on average about 8.3 cents 
per dollar of sales, near the Dow Jones Industrial Average of major 
industries of 7.8 cents per dollar of sales. 

Because ours is a commodity business, earnings rise and fall in 
cycles. We are currently in an up cycle, strongly influencing our 
current profitability, but we have seen up and down cycles before. 
In 1980 crude oil prices reached record levels, approaching the 
equivalent of over $100 a barrel in today’s dollars, and many were 
predicting that oil prices would soar to over $250 a barrel in to- 
day’s dollars, but those predictions were wrong. 

By the mid-1980s, prices had fallen dramatically and the indus- 
try was in dire straits. Ours is a long-term business with energy 
projects requiring enormous investments spanning decades that 
must carry through both the up and down cycles. 

Over the last 25 years, we have invested $355 billion, which is 
more than we earn. In the last five years alone, we have invested 
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almost $89 billion, including about $25 billion in North America. 
Over the next five years, Exxon Mobil plans to invest at least $125 
billion. 

We depend on high earnings during the up cycle to sustain this 
level of investment over the long term, including the down cycles. 

Regarding taxes, currently the energy industry pays record lev- 
els. While our worldwide profits have grown, our worldwide income 
taxes have grown even more. From 2003 to 2007, our earnings 
grew by 89 percent, but our income taxes grew by 170 percent. 
Over the last five years, Exxon Mobil’s U.S. total tax bill exceeded 
our U.S. earnings by $19 billion. 

A recent survey by Tax Notes of 80 leading U.S. companies re- 
vealed that these companies had an average income tax rate of 30 
percent. Exxon Mobil’s effective income tax rate in 2007 was 44 
percent. 

To discriminate against American energy companies, as the pro- 
posed changes to Section 199 in the foreign tax credit due would 
not only add to these taxes, but also impact investment in future 
energy supplies by redirecting needed capital and creating competi- 
tive disadvantages for American energy companies competing over- 
seas. 

Taxes should be fair, stable, and pro competitive, principles these 
proposals violate. 

Finally, regarding alternatives, the International Energy Agency 
forecast that oil and gas will continue to meet about 54 percent of 
global energy demand in 2030. Alternative fuels also play an im- 
portant role, but the TEA forecast that renewable energy sources, 
such as biofuels, wind, solar and geothermal combined, will account 
for only about two percent of global energy supply in 2030, again, 
an indicator of the scale required. 

These findings are closely aligned with our own Energy Outlook 
of 2007, which I respectfully submit into the records of this pro- 
ceeding for the Committee’s consideration. 

The market is the most effective means of determining the future 
energy mix in a way that maximizes supply and minimizes cost. 
Government mandates and subsidies distort market forces and im- 
peded technological innovation. Raising taxes on oil and gas pro- 
duction to subsidize alternatives will likely lead to less overall en- 
ergy production, not more. 

And as many independent observers are now noting, such man- 
dates can have unintended consequences, continuing to provide 
Americans with the energy they need reliably and responsibly is a 
challenge Exxon Mobil employees are determined to meet. Govern- 
ment can help by creating a level playing field and promoting fair, 
stable, pro competitive regulatory and tax policies. 

It is this kind of leadership that is needed to meet our nation’s 
energy challenges. 

Thank you. 

[The statement of Mr. Simon follows:] 
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J. S. Simon 

Exxon Mobil Corporation 
Hearing of the U.S. House Select Committee on 
Energy Independence and Global Warming 
April 1, 2008 


Thank you, Chairman Markey, Ranking Member Sensenbrenner, and 
members of the Committee. 

The world's economy runs on energy. Americans depend on it every day to 
fuel their cars, heat their homes, and power their businesses. 

Because energy is so important, all of us have a responsibility to engage in 
an open, honest, informed debate about our energy future that is grounded in 
reality and intent on finding viable solutions. 

In that spirit, I would like to make three points during my allotted time. 

First, our earnings, although high in absolute terms, need to be viewed in the 
context of the scale and cyclical, long-term nature of our industry, as well as 
the huge investment requirements. 

Second, stable tax and regulatory policies are essential to encouraging 
needed investments. Imposing punitive taxes on American energy 
companies, which already pay record taxes, will discourage the sustained 
investments needed to continue safeguarding U.S. energy security. 
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Third, all reliable and economic forms of energy are needed to meet growing 
needs - but the pursuit of alternative fuels must not detract from the 
development of oil and gas. 

Allow me to elaborate on each point in turn. 

Because of the massive scale of our industry, our profitability in absolute 
terms is large, particularly in the current up cycle. But in 2007, the oil and 
gas industry earned, on average, about 8.3 cents per dollar of sales - near the 
Dow Jones Industrial Average for major industries of 7.8 cents per dollar of 
sales. 

Because ours is a commodity business, earnings rise and fall in cycles. We 
are currently in an up cycle, strongly influencing our current profitability. 

But we've seen up and down cycles before. In 1980, crude oil prices reached 
record levels - approaching the equivalent of over $100 a barrel in today's 
dollars and many were predicting that oil prices would soar to over $250 a 
barrel in today's dollars. But those predictions were wrong - by the mid- 
1980s prices had fallen dramatically and the industry was in dire straits. 

Ours is a long-term business, with energy projects requiring enormous 
investments spanning decades that must carry through both up and down 
cycles. 
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Over the last 25 years, we have invested $355 billion - which is more than 
we earned. In the last five years alone, we have invested almost $89 billion, 
including about $25 billion in North America (over $17 billion in the U.S. 
alone). 

Over the next five years, ExxonMobil plans to invest at least $125 billion. 
We depend on high earnings during the up cycle to sustain this level of 
investment over the long-term, including the down cycles. 

Regarding taxes, currently the energy industry pays record levels. While our 
worldwide profits have grown, our worldwide income taxes have grown 
even more. From 2003 to 2007, our earnings grew by 89 percent, but our 
income taxes grew by 1 70 percent. Over the last five years, ExxonMobil's 
U.S. total tax bill exceeded our U.S. earnings by $19 billion. 

A recent survey by Tax Notes of 80 leading U.S. companies revealed that 
these companies had an average income tax rate of 30 percent. 

ExxonMobil’s effective income tax rate in 2007 was 44 percent. 

To discriminate against American energy companies - as the proposed 
changes to Section 199 and the Foreign Tax Credit do - would not only add 
to these taxes, but also impact investment in future energy supplies by 
redirecting needed capital and creating competitive disadvantages for 
American energy companies competing overseas. Taxes should be fair, 
stable, and pro-competitive - principles these proposals violate. 
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Finally, regarding alternatives, the International Energy Agency forecasts 
that oil and gas will continue to meet about 54 percent of global energy 
demand in 2030. Alternative fuels also play an important role, but the lEA 
forecasts that renewable energy sources such as biofuels, wind, solar and 
geothermal will account for only about two percent of global energy supply 
in 2030 - again, an indicator of the scale required. 

The market is the most effective means of determining the future energy mix 
in a way that maximizes supply and minimizes cost. 

Government mandates and subsidies distort market forces and impede 
technological innovation. Raising taxes on oil and gas production to 
subsidize alternatives will likely lead to less overall energy production, not 
more. And as many independent observers are now noting, such mandates 
can have unintended consequences. 

Continuing to provide Americans with the energy they need - reliably and 
responsibly - is a challenge ExxonMobil employees are determined to meet. 

Government can help by creating a level playing field, and promoting fair, 
stable, and pro-competitive tax policy. 

It is this kind of leadership that is needed to meet our nation’s energy 
challenges. 

Thank you. 
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The Chairman. Thank you, Mr. Simon. 

Our next witness is Mr. John Hofmeister. He is the President of 
the Shell Oil Company and has led that company since March of 

2005. 

We welcome you, Mr. Hofmeister, and if you could move in a lit- 
tle bit closer to the microphone, I think it would help everyone. 

STATEMENT OF JOHN HOFMEISTER 

Mr. Hofmeister. Chairman Markey, Ranking Member Sensen- 
brenner, members of the Committee, I welcome the opportunity to 
be here today. 

If there is no objection, I will summarize the statement I have 
submitted for the record. 

This hearing comes at the end of Shell’s 18-month national dia- 
logue on energy security. We traveled to 50 cities engaging more 
than 15,000 Americans in a dialogue on energy security. We heard 
what you are hearing. Americans are worried about the rising cost 
of energy. 

Mr. Chairman, I believe you have said that the nation’s energy 
challenge requires a commitment on the scale of the Manhattan 
Project during World War II or the Space Program of the 1960s. 
I agree. 

The price of a barrel of light sweet crude has gone up 300 per- 
cent in four years. This increase is due to a combination of factors 
which are for the most part not controlled or much influenced by 
the actions of oil companies, for example, growth in global demand 
for oil, geopolitical events affecting international supply, develop- 
ments in the financial market contributing to the rise in prices, 
skyrocketing cost of materials, labor, and engineering services, a 
shortage of capacity in energy services and materials, more difficult 
access to oil and gas resources around the world. 

Available energy resources are found in difficult or hostile areas, 
and closer to home, U.S. energy resources are unavailable. 

Today I will talk about three aspects of the energy challenge: 
first, what is the energy supply-demand outlook; second, what is 
Shell doing to meet the energy challenge; and, third, what policy 
makers can do. 

First, the energy supply-demand outlook is sobering. Demand is 
increasing unrelentingly. Although oil and natural gas will be used 
to meet more than half of our energy needs for decades, U.S. oil 
and gas production has fallen steadily for the last 35 years. Why? 
Because government policies place domestic oil and gas resources 
off limits. The U.S. government restricts supply to U.S. consumers. 

The result, we import more oil to meet our growing demand. In 

2006, we imported 3.7 billion barrels of oil, more than seven times 
the amount imported in 1970. This brings me to my second point, 
what Shell is doing to meet the energy challenge. 

We are making significant capital investment to produce more 
energy and more kinds of energy to meet global demand. Today we 
have doubled the number of new projects under construction that 
we had in 2004. Last year we spent some 25 billion on capital in- 
vestment worldwide to develop energy projects. 

This year Shell will spend between $28 and $29 billion, the larg- 
est capital expenditure program in the oil and gas energy. 
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Wind, we are involved in 11 wind projects across Europe and the 
United States where we have wind farms in six states with more 
under development. 

Solar, Shell is an international developer of thin film solar tech- 
nology to generate electricity from the sun’s energy. 

Biofuels, Shell is the world’s largest blender of biofuels by vol- 
ume and one of the world’s largest distributors of transport 
biofuels. Shell is a leader in the development of advanced biofuels, 
such as cellulosic ethanol. 

Hydrogen, Shell is a leader in developing transportation solu- 
tions with hydrogen. We operate the nation’s first integrated gaso- 
line hydrogen station nearby here at our Shell station on Banning 
Road. We also have proprietary gasification technology to convert 
coal and biomass into cleaner fuel. We lead in gas to liquids tech- 
nology to produce cleaner transportation fuels. We hold a leader- 
ship position in the production of liquefied natural gas, here in the 
U.S., including at two existing LNG terminals. 

But Shell continues to be an industry leader in the deep water 
Gulf of Mexico. Note that the costs of deep water exploration and 
production are immense and rising. Last year, for example, the av- 
erage daily cost for a deep water exploration well in the Gulf of 
Mexico per day was $759,000. 

Shell has a world class manufacturing organization to better 
meet customer demand of finished products. In the U.S. our joint 
venture at Motiva is spending around $7 billion to double the ca- 
pacity of its refinery at Port Arthur, Texas. When finished, it will 
be one of the largest refineries in the U.S. and the world. 

In oil sands and oil shale. Shell is investing in the technology 
and infrastructure to develop vast oil sands in Canada and oil 
shale in the United States. 

To my third point, what can policy makers do to meet the energy 
challenge? First, the oil and gas development can occur in an envi- 
ronmentally responsible way. In 2006, Congress opened new areas 
in the Gulf of Mexico to exploration and development. More such 
access is warranted so that U.S. consumers can have access to U.S. 
natural resources. 

Congress also provided energy producing states and local coastal 
communities with a revenue stream to help ensure economic and 
environmental stability. Such revenue sharing should be made 
available to all areas adjacent to offshore development. 

Second, we need all forms of energy, plus conservation and en- 
ergy efficiency. I commend Congress for including stronger CAFE 
provisions and other conservation measures in the 2007 energy bill. 
Congress should continue to encourage conservation. 

Third, Shell supports reducing greenhouse gases through a cap 
and trade program coupled with sector approaches. We must work 
now to address CO 2 emissions as we make the transition from fos- 
sil fuels to new energy sources. 

Thank you, Mr. Chairman. I’ll be happy to answer questions. 

[The statement of Mr. Hofmeister follows:] 
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Drilling for Answers on Oil and Gas Prices, Profits, and Alternatives 


Chairman Markey, Ranking Member Sensenbrenner and members of the 
Committee, 1 am John Hofmeister, President of Shell Oil Company. 

Shell Oil Company is an affiliate of the Shell Group, a global group of 
energy and petrochemical companies, employing approximately 104,000 
people and operating in more than 1 10 countries and territories. Shell Oil 
Company, including its consolidated companies and its share in equity 
companies, is one of America's leading oil and natural gas producers, natural 
gas marketers, gasoline marketers and petrochemical manufacturers. Shell, a 
leading oil and gas producer in the deepwater Gulf of Mexico, is a 
recognized pioneer in oil and gas exploration and production technology. 

1 welcome the opportunity to testify today. It is, in fact, very timely because 
it comes at the end of an 18-month Shell journey called “A National 
Dialogue on Energy Security.” We traveled to 50 cities and visited with 
more than 15,000 Americans to engage in meaningful dialogue on energy 
security. 

I heard what you are hearing. 

Americans are very worried about the rising price of energy - the cost to fill 
their cars, as well as the cost to heat, cool and light their homes and 
businesses. These cost increases are hitting consumers hard, particularly the 
poor and those on fixed incomes. 

Let’s look at historical data on the price of a barrel of crude and the average 
price of regular gasoline. Since April 2004, the price of a barrel of U.S. light 
sweet crude has gone up by $70, which is a 300 percent increase. In this 
same period, the average U.S. nationwide price of regular gasoline at the 
pump went up 72 percent. Looking just at the last 12 months, the price of a 
barrel has increased $40, or more than 60 percent. The price of regular 
gasoline has gone up 8 percent. 

There is no single reason or simple explanation for the recent run-up in 
crude oil prices. Rather, a combination of circumstances, some short-term 
and some long-term in nature, is playing a role. 

Let me highlight some of these factors. 
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• The rate of growth in global demand for oil has accelerated in recent 
years. This is largely the result of rapid economic growth and 
industrialization in countries like China and India and also sustained 
subsidies on oil products in oil exporting countries. 

• Geopolitical events, such as the disturbances in the Niger Delta, have 
reduced supplies available to the international market. 

• The cost of materials, labor and engineering services has skyrocketed. 
This in turn drives up the cost of new energy projects and the cost of 
developing new energy supplies. 

• There is a shortage of capacity in energy services and materials. This 
shortage is in some instances leading to project delays and lengthening 
the time it takes for new projects and new supplies to come on line to 
meet increased demand. 

• Access to oil and gas resources is becoming more difficult around the 
world. This, coupled with more stringent fiscal conditions governing 
investment in several major oil and gas-producing countries, adversely 
affects the economics of new energy projects. It may lead to reductions in 
or delays of new investment in oil and gas supply capacity. 

• The oil and gas resources that are available for development are 
increasingly found in extremely difficult or hostile areas - areas that are 
more technically challenging, more remote from markets, require more 
infrastructure, carry greater technical risk, have longer development lead 
times and are more costly to develop than has been the case during the 
past 30 years. 


In addition to the above factors specific to oil and natural gas, developments 
in the financial market have also contributed to the rise in prices. 

• The fall in the value of the U.S. dollar, relative to other currencies, has 
reduced the equivalent revenue available to oil exporting countries and 
also partially shielded other oil importing countries from the impact of 
rising dollar-denominated oil prices. 

• Global investment funds are rebalancing their portfolios to include a 
higher portion of commodities, including oil and natural gas, and this 
trend has accelerated with recent weakness in equity markets. 
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Most of these factors are not controlled by or even much influenced by the 
actions of oil companies. However, our business is developing energy and 
delivering it to consumers in the most efficient and cost-effective manner we 
can. We will continue to strive to contain cost pressures and to deliver these 
energy products to consumers at competitive prices in a secure and reliable 
manner. 

Today 1 will talk about three issues related to the energy future of America. 
First, the global demand for energy and the supply outlook. Second, the 
investments that Shell is making to increase energy supply. Third, actions 
that policymakers, like you, can take to address the energy challenge. 

Energy Demand and Supply 

The world will demand an additional 35 million barrels of oil per day by 
2030, which is a 42 percent increase over today’s demand. It will demand 64 
percent more natural gas than we are producing now. The United States 
accounts for 25 percent of the world’s energy demand. Americans use 
10,000 gallons of oil - enough to fill a backyard swimming pool - every 
second of every day. We use 20 railcars of coal every minute. 

These are sobering facts. How will this demand be met? Alternative and 
renewable energy sources will play a role and grow substantially. Energy 
efficiencies will improve as new technologies are developed and 
implemented. But leading experts forecast that oil and natural gas will 
continue to meet more than half of the world’s energy needs in 2030. 

As U.S. demand for oil and gas has been growing, U.S. production has fallen 
steadily for the last 35 years. Oil production in this country peaked in the 
1970s. As U.S. consumption of oil has doubled, domestic oil production has 
fallen off nearly 40 percent. Why? In large part, this is the result of 
government policies that placed important oil and gas resources off limits. In 
2006, the U.S. imported 3.7 billion barrels of oil to meet domestic demand, 
which is more than seven times the amount imported in 1970. 

As we increased imports to meet our domestic energy needs, a new concept 
of “resource nationalism” was emerging in resource-rich nations around the 
world. This concept has changed the dynamics of global energy 
development. Thirty years ago, national oil companies owned by or 
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affiliated with governments were either non-existent or small players. 

Today, these national oil companies own as much as 90 percent of the 
proven oil reserves in the world. While investor-owned oil companies - 
some of which are here today - hold just six percent of proven reserves. 

So what is Shell doing? We are making significant capital investment to 
produce more energy - and more kinds of energy - to meet global demand. 
Enormous amounts of capital are required to fund our huge-scale projects 
and our cutting-edge research. 

Let me share with you some statistics: 

• Today, we have double the number of new projects under construction 
that we had in 2004. 

• Last year, we spent some $25 billion on capital investment worldwide 
developing energy projects. 

• This year, Shell will spend $28 billion to $29 billion - the largest 
capital expenditure program in the oil and gas industry. 

Shell has invested in alternative and renewable technologies, as well as 
additional conventional and new unconventional energy sources. 

Wind 

Shell is becoming a significant wind energy producer. We are involved in 1 1 
wind projects spread across the U.S. and Europe. The total capacity of these 
projects is around 1,100 megawatts (Shell share is about 550 megawatts) 
with 845 megawatts in operation and more than 260 megawatts under 
construction. Out of the total capacity, almost 900 megawatts are in the 
United States where we have wind farms in Texas, Colorado, Wyoming, 
California, Iowa and West Virginia. More wind farms are under 
development. Our activities focus on the development and operation of 
commercial-scale wind developments that can add significant power and 
capacity to the grid. 

Solar 

Shell is an international developer of thin-film solar technology. We believe 
thin-film technology - although in the early phases of development - could 
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prove to be the most commercially viable form of photovoltaic solar 
technology to generate electricity from the sun’s energy. 

Biofuels 

Shell is making a major commitment to the use of biofuels in transport fuels. 
Shell is the world’s largest blender of biofuels by volume and one of the 
world’s largest distributors of transport biofuels, at around 800 million 
gallons a year. Shell buys and sells 400 million gallons of ethanol a year in 
the United States, about 1 1 percent of the total U.S. ethanol production. 

More important, however, Shell is a leader in the development of advanced 
biofuels technologies. Like most energy companies, we are engaged in the 
race to develop these technologies and fuels and make them commercially 
viable. 

Shell believes that cellulosic ethanol holds particular promise. In the last six 
months, we have announced three new or expanded partnerships in 
cellulosic research and development projects in the United States, including 
fuel from algae and a promising new technology that could convert sugars 
directly to gasoline, rather than ethanol. This technology could potentially 
eliminate the need for special infrastructure and the low blend rates now 
required for standard vehicles. 

Hydrogen 

Shell is a leader developing transportation solutions with hydrogen. We are 
building hydrogen infrastructure in the United States, Europe and Asia. 

Right here in Washington, D.C., approximately three miles from 
Capitol Hill is the nation’s first integrated gasoline/hydrogen station at our 
Shell station on Benning Road. 
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Gasification and Gas-to-Liquids Fuel 

The Shell proprietary gasification technology is being used to convert coal 
and biomass into a cleaner fuel for power generation and other applications. 
We also have a leading position in Gas-to-Liquids (GTL) technology for the 
production of cleaner transportation fuels. Our Pearl GTL project under 
construction in Qatar will be the world’s largest plant converting natural gas 
into transportation fuel. GTL from our plant in Malaysia is mixed with diesel 
and sold at 5,000 Shell stations in 1 1 countries. 

Liquefied Natural Gas 

Shell is an industry leader in the production of liquefied natural gas (LNG). 
When projects under construction in Australia, Sakhalin and Qatar are 
completed, our LNG production will have increased 80 percent above 2005 
levels. In the United States, we have significant regasification capacity at 
two existing LNG terminals and plans for development of a new terminal in 
the Northeast. 

It is important that we put these energy sources into proper perspective. As I 
mentioned earlier, alternative and renewable energy sources will not make a 
significant contribution to the energy mix for many decades to come. 
Therefore, Shell continues to make significant investment in producing and 
refining conventional oil and gas. 

Oil and Gas 

Exploration and Production: The Shell Exploration & Production (E&P) 
North American business is dedicated to growing the North American 
energy supply, a commitment underpinned by a history of investing billions 
each year, developing future domestic energy sources and defining new 
frontiers. 

In the Gulf of Mexico, our exploration strategy is to drill prospects with 
large potential volumes and pioneer new plays. We are involved in a number 
of material prospects. Shell will continue to be an industry leader in the 
deepwater Gulf of Mexico, a frontier we pioneered more than a decade ago. 
In the past five years, we have produced nearly one billion barrels of oil 
there. The costs of deepwater exploration and production are immense and 
rising - from buying leases to bringing product to market. In November 
2005, 1 told the combined panel of the Senate Energy & Natural Resources 
and Commerce Committees that the industry average cost of renting a 
deepwater oilrig was approximately $200,000 a day. Twenty-two months 
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later, rigs were in such scarce supply that the cost of chartering one had 
climbed to more than half a million dollars a day. That was just the rig 
rental. The total daily costs of drilling a deepwater well - with the costs of 
pipe, support and all the rest - are even higher. In 2007, the average daily 
cost for a deepwater exploration well in the Gulf of Mexico was $759,000. 

Shell is also pursuing natural gas prospects in a number of onshore North 
American basins. It is our goal to build new supply positions by developing 
both conventional and unconventional gas resources. Today Shell is drilling 
for new natural gas supplies in the Gulf of Mexico, Texas, and the U.S. 
Canadian Rockies. 

Petrochemicals; Shell has a world-class manufacturing organization. By 
running our facilities safely, reliably and efficiently, we achieve consistently 
high levels of operational excellence that help us better meet customer 
demand. In the U.S., refineries operated by Shell and our joint venture, 
Motiva, currently have a refining capacity of nearly 1.4 million barrels per 
day. Motiva is spending around $7 billion to double the capacity of its 
refinery in Port Arthur, Texas. This project, when finished, will be one of the 
largest refineries in the United States and in the world. By adding 325,000 
barrels-per-day capacity, the expansion is equivalent to building a new 
refinery. 

Oil Sands and Oil Shale; Shell is investing in the technology and 
infrastructure to develop vast oil sands in Canada and oil shale in the United 
States. The Canadian resources can benefit the United States fuels market. 
Shell has a 25-year research and development program to access oil locked 
in shale rock in Colorado, Wyoming and Utah. Congress should pursue 
policies that ensure that these critical energy resources can be responsibly 
developed to help meet our nation’s energy challenge. 


This brings me to my closing point. 

What policymakers can do to address the energy challenge. 

I invite you to read the attached report, “A National Dialogue on Energy 
Security; The Shell Final Report,” which highlights the findings of our tour 
across America. It lays out a 12-point plan to address future energy needs. 
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For today, however, let me highlight six points for you to consider. 

First, I urge policymakers to look at the facts. Energy demand is rising to 
fuel economic growth. Oil and natural gas will be the major energy sources 
for decades, even as we grow new technologies. We cannot rationally decide 
among the hard choices ahead of us without understanding the basic issues 
of energy security. 

This brings me to the second point. In general, the United States tends to 
resist the need to develop new domestic energy sources. Can we afford to 
continue this approach while energy demand and costs are rising? Oil and 
gas development can and should occur in an environmentally responsible 
way. In 2006, Congress took a significant step in opening some new oil and 
gas prospects in the Gulf of Mexico to exploration and development while, 
at the same time, providing those energy-producing states and local coastal 
communities in the region with a revenue stream to help ensure economic 
and environmental stability. Congress should extend Outer Continental Shelf 
revenue sharing for all coastal areas adjacent to offshore development and 
should make more areas available for offshore leasing. 

Third, we need more than oil and gas to meet demand. We need all forms of 
energy - plus conservation and energy efficiency, I commend Congress for 
passing the Energy Independence and Security Act of 2007 with more 
stringent CAFE standards. These standards and the other provisions in EISA 
will do more to increase energy efficiency than any other piece of legislation 
in recent memory. Congress should continue to adopt policies that encourage 
conservation, and companies like ours must continue to think more 
creatively about products and services we can develop to help customers use 
less energy. Consumers - and that means all of us - must think more about 
our own energy footprints; when and how we drive, what we buy, how we 
work and the kind of world we want to create for coming generations. 

Fourth, government agencies must have the staff and the resources needed to 
do the environmental analyses and other scientific studies that must underpin 
energy projects of all kinds. This data is critical and must be completed in a 
thorough and timely manner. Therefore, Congress should consistently 
authorize and appropriate funding for these key federal agencies to hire, 
retain or contract the expertise needed. 
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Fifth, Shell supports the adoption of a federal law to reduce greenhouse 
gases. Specifically, we support a cap-and-trade program coupled with sector 
approaches. Such a program must include policies that lead to 
commercialization of a carbon capture and storage (CCS) technology. 
Congress should ensure that we address C02 emissions as we make the 
transition away from fossil fuels to new energy sources. 

Finally, we need individuals skilled in math, science, technology and 
engineering to build the workforce of the future that will bring new energy 
sources to America. School curricula should include more study of energy - 
where it comes from, how it is used and the impact of the energy choices we 
make. And these lessons should begin at an early age, to shape consumer 
behavior and encourage curious young minds to become our next generation 
of energy engineers. We welcome Congressional initiatives that will help 
secure a future energy workforce. 

1 am aware that Chairman Markey has stated that the nation’s energy 
challenge requires a commitment on the scale of the Manhattan Project 
during World War 11 or the space program of the 1960s. 1 agree with him. I 
am hopeful that policymakers, the private sector and the American people 
will come together on this important topic. We need to commit resources to 
all existing and potential energy sources, as well as iimovations to address 
supply, demand and carbon footprint. 

Thank you. I am happy to answer questions you may have. 
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A National Dialogue on Energy Security: 

The Shell Final Report 



Nearly two years «go, Shell began a Journey ocross AmerSco. VCc crisscrossed the 
country, traveling to 50 cities over 18 months and meeting face-to-fscc with thousands of pettple who are 
concerned ahour our energy future, 

The dialogue was a transforming experience. Wc had hoped to build st>mc bridges of understanding 
between the public and our industry. 'X’e succeeded. That meant that wc educated some people about 
energy issues, but we also learned from what we heard and were changed - as indKiduals and as a 
company - in the process, 

In this report, we want to share with you what we did and why, what we heard from --\mericans and what 
we learned in the process. Most importandy, we want to put some meaning around the experience ~ for 
Shell, for the energy industry, ft)r policymakers and for everyone whose hfe is coudted by energy And 
finally, we wan: to issue a call to action for each American to find a role and a voice in shaping our energy 
funire. 
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Listening to America's Concerns 

“A Nadonai Dialogue on Energy' Security';” like many transforming ideas, \ras born out of frustradon. 


When already-rising oil prices spiked after the 2005 hurricane 
season, Americans were frustrated and openly hostile 
toward the oil industry. We were frustrated, too, by the level 
of misinformauon and mistrust in the marketplace. Not 
just customers, but regulators and policymakers seemed 
to believe we were manipulating the market for our own 
purposes. Recognizing that our indusm^’s ineftecth'cness in 
communicaring the key role we play in the global cctinomy for 
the last decade had contributed to the situation, we decided to 
take acdon. 

If lack of communicadon helped create the problem, we 
believed openness and transparency would help soh'c it. We 
created the dialogue with two goals: to build Americans’ 
awareness of the energy issues we face, and to gain a better 
understanding of their perceptions and priorities. For us, 
listening was far more important than telling. Ultimately, we 
wanted to find a way that together we could work toward a 
secure and environmentally responsible energy future. 

We visited 50 cities between June 2006 and November 2007. 

We delivered speeches at 53 events - luncheons, dinners, 
breakfasts — and hosted 38 town hall sessions where we 
asked community leaders to give us their priorities on enei^’ 
resources and energy policies. Wc held smaller meetings 

with elected officials, non-governmental organizations (NGOs), students and educators. In all, we me 
with more than 15,130 Americans and conducted more than 100 local and national media interviews 
- potentially reaching a total of nearly 1 50 million people. 



We asked audiences what u-e should be doing to increase domestic oil supply. Wc asked them \s^at we 
should be doing as a nation to manage enetgy demand/consumption. And wc asked them to describe their 
vision of the U.S. energy portfolio m the coming decade and hc>'ond. 

We listened - and listened - and listened. 

We heard Americans in every city say that they are struggling to come to terms with the new energy' reality. 
The swing, within less than a decade, From $10 oil to $100 oil has clearly had a financial impact.' Yet 
few people were focused solely on bringing down the pnee at the pump. In ftet, a surprising number of 
people suggested that the federal government should increase gasoline taxes to fund accelerated research 
into alternative fuels.* As one Philadelphia participant put it; ‘There’s not enough pain to drive the market 
toward change... [we] need legislation, taxation and incentives." 

And more people than we expected were aware of and concerned about emironmental issues such as 
greenhouse gas emissions and climate change. “If we can’t manage emissions,” said one Fort Worth 
participant, “we need low emissions alternatives like renewables and nuclear.” There was isolated support 
for concepts such as a carbon tax,’ hut little understanding of how approaches such as cap-and-trade 
might lead to emission reductions. 

However, wc found few who were ready to gK'c up the comforts of an enetgy-fueled lifesrjHe. Most were 
hopeful that the solution could be found without forcing them to gnx up their SUVs, their solo commutes 
and the convenience of instant and unfettered mobibty.’ 

W’e agree with the many Amencans who cold us that technology will provide the ultimaoc solution to 
balance energy and environmental concerns.’ We heard high interest in and curiosity about hybrid and 
plug-in technology, hydrogen fuel cell vehicles and other Itigh-tech solutions. As one Pordand community 


“We heard 
Americans in every 
city say that they 
are struggling to 
come to terms with 
the new energy 
reality. The swing, 
within less than a 
decade, from $ 1 0 
oil to $100 oil 
has clearly had a 
financial impact.” 
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understanding the da^'-to-day realities of the people w 


leader told us: “We need more energ}- engineers to achieve the correct 
balance between the need for more energy and the need to reduce 
CO, emissions.” 

But many people were overly optimisdc about how quickly we can 
make the technology leaps tliat are needed. When asked to envision 
the energy mix in a decade from now; estimates of the percentage 
of alternative fuels in the portfolio ranged from 10 percent to 100 
percent* Reflecting the same optimism, one Atlanta participant said, 
“With a Manhattan Project to develop this technology, the US. can 
be enagy independent” 

Regional Priorities 

While priorities varied by region, nowhere in the United States 
did we find people who were indifferent to or unaware of the US. 
energy challenge. Clearly, the concerns are universal, regardless of 
where Americans live and work. But the regional “slants” to the 
energy challenge brou^t home to us ev'cn more the importance of 


Northeost. Northeast residents emphasized conser\-ation through utilizing new technologies, 
increasing the use of mass transit systems and educating Americans on measures to decrease their 
energy consumption. In the Northeast, we repeatedly heard the desire for increased government 
involvement and energy security policies: incentives and taxes and mandates to encourage individuals 
to conscrs’c. There was also concern about the regions from which we receive oil imports, especially 
those from Middle Eastern sources, and we heard that residents wanted to increase our domestic 
energy^ independence. 


“We found few who 
were ready to give 
up the comforts of 
an energy-fueled 
lifestyle. Most 
were hopeful that 
the solution could 
be found without 
forcing them to give 
up their SUVs, their 
solo commutes and 
the convenience 
of instant and 
unfettered mobility.” 


Notfliwesi In the Northwest, residents were strongjy focused on conservation and new technology. 
Reducing demand was a priority; especially in Portland, where a “Peak Oil Task Force” has been 
formed by die city. In an area served by die Alaska pipeline, we did find support for increased access 
to Alaskan resources, with the caveat that environment and safety must be paramount. 

Wcsl Coast. Californians support dis’ctsifying the energy portfolio by further utilizing technology, 
an area in which die state has particular experrise, to solve the energy challenge, with a particular 
emphasis on renewables such as solar and hydrogen. To achieve this, they cited increasing renewable 
research and development activities in the public and private sectors, as well as looking at other 
alcernam’c sources such as nuclear power. Residents focused on managing demand of fossil fuels 
through conservation, rather than increasing reserves to achieve energy security. 

Southwesf. In the Southwest, we heard support fur renewables such as wind and solar energy; 
resources that are abundant in the region. Nuclear energy was also a hot topic — some love it, some 
hate it. We also found high levels of interest in social aeuon: energy’ education, energy-efficient 
communities, incentives to encourage conservation and use of mass transit. Residents also were 
interested in unconventional energy sources closer to home, such as oil shale, if they can reduce 
dependence on foreign oil 

South Centre!. South Central residents, who are closest to the nation's oil-producing epicenter in 
the Gulf of Mexico, also seemed most pragmatic about the need to continue using fossil fuels in the 
near future. They were most likely to support increased domestic exploration and production. These 
residents also supported alternative fuels, clean coal technologies and stronger public policies on 
energy. 

Southeast. Further along the coast, in the Southeast, wc found a focus on education. Residents want 
the public to be more aware of chccurrenicncrgy situation — and they also emphasized the need to 
educate elected officials. We found considerable suf^ort for increased access to domestic resources 
and greater refinery output, again balanced by a concern for safety and environmental protection. 
Clean coal and carbon sequestration were in the mix. Wt also heard a call for greater fuel efficiency. 
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through automotive technoiogt' improvemeats and Corporate Average Fuel Economy standards, 
commonly referred to as CAFE standards. Throughout the state of Florida, residents told us that they 
did not want, and would fight, new exploration and production off the Florida coast. 


Mid-Aflantic, In the Mid- Atlantic region, there -was consid 
conservation and use of alternatives: higher gasoline 
taxes, legislated energ}' efficiency and promotion of 
hybrid vehicles. At die same rime, we receded support 
for increased domestic access to reduce our dependence 
on foreign oil. 

Rocky Mountains. Among Rocky Mountain residente, 
we found support for development of the region’s 
oil shale resources with environmentally friendly 
technology. We also heard a cal! for incentives, taxes or 
“punishments” to promote efficiency and conservation. 

From elected officials, support for oil shale was mixed. 

Some described its development with enthusiasm, others 
more cautiously but officials universally expressed the 
need to ensure entironmental caudon. 

Midwest. bfidwe.sterncrs chose a middle ground. 

While there was slighdy more emphasis on ethanol and 
biodiesel as an alternative to oil, in general participants 
w^re focused on educating both students and the 
general public and encouraging consert'ation. Wc heard 

support both for increasing domestic oil production and fot diversifying the eoetgv' portfolio through 
alternative fuels. 



A Life-changing Experience 

WTien we chose to conduct a face-to-face tour, we understood the power of human ioteiacrion to break 
down barriers and change people. What we didn’t expect was that wc would be changed as much a.s our 
audiences were. 

In room after room, we saw people respond to seeing the human side of “Big Oil.” And it wasn’t just the 
power of one person - there were 250 Shell leaders and professionals who participated in the tour in one 
way or another over its 1 S-month duration, People told us that they wsfre surprised both by what we had to 
say and the effort we were making to reach out. 

Over and over, skepticism ... “When are you going to try to sell us .something.^” ... turned to appreciation, 
and cynicism turned toward problem-solving. In little Rock, one middle-aged man with a long gray 
pony’tail came into the presentation clearly skeptical. His arms were crossed and his face was closed. Btit he 
listened, And when he heard what we had to say, the effect was \dsib!c in his entire demeanor. By the end 
of the question-and-answer period, he was smiling and nodding his head in agreement. 

When tour attendees brought up climate change, we stated our response; “The debate is over. We arc 
making dianges in our business practice.s, and we are ready to work uiihin a government-led framework 
that addresses greenhouse gas management, enabling markets to operate.” It was a welcome message. 

Even a member of an environmental non-govemmental organization in Tucson, who acknowledged that 
his organization was suing the U.S. government to stop Arctic development, also acknowledged his belief 
that the environmental behaviors exhibited by SheU are credible. As they left the town halls, people shook 
our hands and said, “This was time well spent.” 

We felt the same way. The experience was humbling ~ if anyone at SheU had ever considered that we could 
just tell out story and prescribe the answers to the American people, that mindset has now ex-aporated, The 
American people want to think through the issues themsdves and apply their own reason and experience 
to the solutions. The experience reinforced for ns how critical it is to get public policy tight so that we can 
move forward in ways that Americans can fee! good about. 


“The debate is over. 
We are making 
changes in our 
business practices, 
and we are ready 
to work within 
a government- 
led framework 
that addresses 
greenhouse gas 
management, 
enabling markets to 
operate." 
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“We also became 
more committed to 
the importance of 
a comprehensive 
national energy 
policy that addresses 
all facets of our 
energy path, from 



message that we heard is that petiple are so gfcady concerned abtiut greenhouse gases and want energy 
companies to care about this as much as the>' do. This message reaffirms our commitment to this issue. 
\X'e have signed on to the US. Climate Action Partnership to join our vxiices with others in establishing a 
national greenhouse gas management framework. 

VCe also became more committed to the imporonce of a comprehensive national energ)’ poliq’ that 
addresses all facets of our energy path, from access to domestic resources to maintain our supply for the 
short term, through im'estments in the science and technologies that will meet our long-term needs. We 
heard a cal! for public policy to create a consistent framework v*ithin which individuals and businesses 
can operate. The Encrg)’ Independence and Security Ace of 2007, which passed after the lour ended in 
Nos’cmbcr, is a partial move in the right dirccrion, just as energy bills in 2005 and 2006 reflected partial 
steps, But there is much more that needs to be done. 

What it Means 

The message we heard from our conversations across the country was both heartening and frightening 


access to domestic 
resources to 
maintain our supply 
for the short term. 


It was heartening to sec that Americans arc taking ene^y issues seriously, Attendance at events was high, 
and those who came were very engaged on the issue. After almost every speech, we spent almost as much 
lime in questions and answers as in the presentation itself, and the questions, although sometimes quite 
pointed, were probing, legiamatc queries from people seeking answers to a complex issue; "If the US. 
can’t achieve encig)' independence, why push for more domesric production?” “Why aren’t you inv'esting 
more in alternathe fuels?” ‘‘What Is the umciable for oil shale?” People wanted to learn more about such 
areas as nuclear energ)', unconventional oil and gas, and clean coal technology. 


through investments 
in tire science and 
technologies that will 
meet our long-term 
needs.” 


The practical recommendaaons we heard - from using education to help Americans understand the costs 
and consequences of energy choices, to providing incentK'es for energy efficiency - reinforced our faith in 
the common sense of American consumers and voters. 

There was a futuristic bent, expressed best by one Louistdllc participant: “Realistically, what are the 
probabilities that new, cutting-edge research and technobgy will come along and create new sources of 
energy where none existed before, such as quickly and efficiently coni’crring carbon uTiste back into crude 
oil or developing an efficient process for creating hj'drogcn?” 

What was most frightening? The oi-erwhelming disconnect between the perceptions of many consumers 
and the hard realities of the energy picture. This is the crux of our dilemma as a country in determining 
an energy path forward - the belief that there are easy answers that are readily available, when in reaiitj' the 
choices we have to make will not come easil)’ or swifdy. 
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if we in America fail to differentiate between short-term and long-tcnn situations, we will find ourselves 
at a crisis point while we wait for the long-term solutions to develop from experiment st^es to 
commercializaiion. One insightful Portland participant realized that the question to ask is, “VC'hat energy 
bridges are we building today to get us from short-term to long-term solutions?” 

This disconnect between future vision and current reality emerged in town hall comments such as the one 
we heard in Philadelphia, WTien we asked what we should be doing to increase domestic oil supplies, one 
response was, “Do nothing - we don’t want more oil supply. We want to drive markets toward non-fuel 
energy sources,” Yet of all the available solutions, doing nothing is potentially the most dar^rous. 

Unrealistic expectations were more the norm than the exception. This Minneapolis resident’s vision of the 
energ5? mix a decade from now was not isolated: “We need to decrease our use of fossil-fiiel-based sources 
by 70 percent to stem the trend toward global warming. I see a mix of sola^ wind, biomass, along with 
greater efficiencies allowed through new technolopes.” 

The anxiety around imported oil was clear. Those we spoke with recognized the risk that can come with 
dependence on sometimes hostile or unstable regions of the wodd for such a critical commodity-, The\' 
see that the more than |2 trillion that importing nations, sudi as die United States, have paid to expotring 
nationals in the past five years for imported oil is a high price — especially when much of that money could 
be otherwise pumped into the U.S. domestic economy.' 

Linked with this is a deep-seated fear of seeing the quality of life degrade for our children and their 
children if our ability’ to use energy is significantly constrained, in spite of this fear, there is still hesitation 
to embrace additional oil and gas infrastructure in our own countt)'. “Nimbyism” (“Not In My Backyard”) 
was present nearly esTsrj'where.* 


“The anxiety 
around imported 
oil was clear. Those 
we spoke with 
recognized the risk 
that can come with 
dependence on 
sometimes hostile or 
unstable regions of 
the world for such a 
critical commodity.” 


We also found a strong streak of viscera! anger and zero sj-mpathy toward the oil industry. We were 
somewhat prepared for this, based on the “hate mail” we had been receiving since prices first spiked in 
the post-hurricane supply shortage. However, when we probed, we found die anger stemmed from two 
sources: first, a simplistic view of the industry, based on the “Big Oil, big profits” image in the media; 
and second, a sense that the current situation was our fault — that if wte had anticipated this demand, we 
could have increased the supply or pushed alternative technology faster. As one cjwc in Portland put it. 
“Conservation could allow a new source of supply, but what’s in it for Shell?” Many view alternatives as a 
way to curtail their uncomforable dependencj' on die oil industry. 


There was little confidence in the abihc)’ of either elected officials or 
corporate leaders to des’clop an effective solution. We found people 
more willing to trust non-governmental o^anizations — not necessarily 
as the possessors of the right answers, but as watchde^ that would keep 
government and business honest. 

Anger also was directed against those perceived as using excessive energy. 
I?atticipants in many cities spoke of “. . . punitive taxes for those driving gas- 
guzzling vehicles like SUVs.” There was a sense of righteousness around this 
issue that was sometimes disturbing One H4 Paso resident suggested that we 
should “force town hall attendees to arrive by bicycle, even in the rain.” 

This anger toward the industry and toward their feUow energt- consumers 
can be a barrier to finding common solutions and can create a divisioti 
between the energy “haves” and “have nots.” 

Fortunately, we found that open communication can alleviate some of 
the anger. Those who attended out presentations and town halls often left 
with a better sense of how ^oba! markets drive prices and how we have 
been working on technology solutions for years, even when prices were 
low. Governor after governor and mayor after maj-or, while acknowledging 
infirascruemre and permitting obstacles, invited new projects for their state or 
dey for the jobs and economic imptos’ements they cotdd ddiver. 
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The Disconnects - Seven Energy Myths 

In our trawls and discussions, we found seven major disconnects — areas where myths and misperceptions 

stand in the way of real solutions: 

MYTH^^^ 1. T^ieMyfh; Oil prices are oriificHlI. We found diis itlea accepted among both individuals and 

government officials widi whom we met. There is a belief that energy companies such as ours can set 
or cwn manipulate the price of oil hi^er or lower at will.^ This leads to either expectations that oil 
companies acting independcnth' can solve the energy problem (one participant suggested we . .raise 
the price of crude to enable unconventional source”), or resisunce to seeing the oil companies as 
participants in the st^ution. This attitude was reflected in one Ciihariatte resident’s comment that, “The 
energy mix will not change — oil companies will reduce prices to Iceep alternatives out.” 

RIAUTY^^ The Reality: Oil trodes on q gk^l market. Mce is effected by supply, demand, fears 

and specufofon like eny orfier trtfding market. The price is very Ironspcirent The major oil 
companic.s including Shell), despite being large, have relath'ely small shares of global oil reserves 
and production. Approximately 77 percent of proven oil reserves are under the control of nadonai 
oil companies with no esjuity participarion by foreign, major oil companies. The major oil companies 
control less than 10 percent of the world’s cal and gas resource base.’" These small shares ensure 
that private oil companies must behave competitively in the world oil marker and cannot individually 
cut output and influence worid oil prices. The Organization of Petroleum Exporting Companies 
(OPEC), an Internationa] cartel of oil-producing countries, is the single most important production- 
related entity. OPEC’s objecrive has been to manage its members’ collective supply through individual 
producer tpotas in order to influence world oil prices.” The 13 OPEC member countries collectively 
hold more than 70 percent of proven oil reserves and prixluce about 40 percent of the world's daily 
consumption of crude oiL*" 

MYTH^^^ 2 The Mytfi: We're running out of oil. The “peak oil” theory aime up in nearly even' market. ^Tiile 
this wasn’t necessarih' surprising, the perv'asive nature of this strongly held belief vvas. Similarly, in a 
related survTn’ that w'e conducted, more than half of the respondents said global oil production will 
peak within the next 20 years.’* This leads people to dismiss oil and gas from being part of the future 
energy portfolia Also not surprisingjy, wc found that few people wirre aware of the scale of untapped 
domestic resources on the Outer Continental Shelf, or of the huge imdes'cJopcd uncotmentioniiJ 
resources, such as oil shale, oil sands and heavy oil. 

RSAUTY!^^ The Reality: Oil resources cr# out fhere, should we choose to develop them. When 

individuals think of peak oil, they tend to think that a sudden drop in global production follows soon 
thereafter. We don’t expect to see this on a global level. It is possible, though, that we will reach a 
plateau in the next few decade.s, followed by- a gradual decline of conventional oil and gas production, 

Tlicre is no shortage of molecules of oil and gas in the ground. However, there are muidplc 
influences that will afYect the pace at which this can, and uill, be developed. 

(.i)n the demand side, wc arc seeing a step-change in the growth of demand for energy, particularly as 
emerging economics, such as China and India, enter more energy-intensive phases in their economic 
development.” It uill tw vital to become more efficient in how we use energy and to develop 
unconventional sources of oil and gas (such as oil sands), Wofucls and vehicle electrification to meet 
this surge in demand. All energy sources added together will struggle to match demaud — wc will need 
all of the energy we can get. 

On the supply side, many existing reservoirs arc facing a natunii decline in production. This means 
that hi^ levels of continuous investment are required just to maintain status quo or to invest in 
enhanced oil recovery (EOR) techniques. In addition, ever-increasing levels of investment are 
required as smaBer fields are developed and more complex frontier environments become the targets 
for hydrocarbon exploration and production, alongside the development of unconventinnai oil and 
gas snpply. There are also uncertainties about the pace of investment in sensiuve regions such as the 
Middle East and luitin America. Naturally, major resource-holding governments seek also to develop 
their sovereign reserves at a pace that matches their own economic goals. 
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There are plcnt)- of uncerfaim.ies, which is wh)’ -we explore future possibilities through scenarios. 
lx)oking at the oil picture, we find it misleading to think in terms of concepts like peak oil or try to 
put a timeframe to it. The significant economic point comes -when tensions arise between the growth 
of global demand for energy and the pace of investment, production and supph’. We bdieve we are 
entering such a period and will face this increasingly for some time to come. 

3. fihe Myth: We have to choose behAteen energy and the environment There is an assumptitm 
that we can’t have conventional energy' tind a clean environment. As a rrault, we found that many 
policymakers want to block nearly all new access to existing resources on environmenud grounds, (.^ne 
town hail participant shared this perspecdve: “W'e should ncrt increase supply. We need to help find 
ways to reduce demand.” 

The Reaiify: The energy industry has made ir^endous advances in finding ways to 
reduce environmental impact of oil ond gas production. Fw people realize the iet-el of 
energy efficiency and environmental stewardship Shell and others have incorporated into every facet 
of exploration and production. Technology' developed for offshore explorarion and production 
has enabled us to reduce the environmental footprint of onshore opetariotis. New construction 
techniques applied in the Gulf of Mexico enabled us to surviv'e the 2005 hurricane season witliout 
a single major offshore oil spill. And improved emissions control technology has benefited the air 
quality around our refineries. New technologies such as “clean coal” can do even more to protect the 
environment, if we are willing to make the upfront investment. 

4. The Myth: Importing energy is better than dirtying our own backyards. In meeting after 
meeting, we heard resistance to new infrastructure from both community members and government 
officials. Especially in the Northeast, wc heard complaints about hig^ supply prices, and in the next 
breadi a refusal to consider new infrastructure that would alleviate the supply bottleneck. The same 
infrastructure phobia has been applied to accessing domestic oil and gas resources. In scsieral town 
halls as well as government meetings, we heard comments like this one: “Use foreign oil, and save 
ours for as long as possible,” 

The Reality: Environmenlol isso*5s, especially issues of greenhouse goses and climate 
ciiange, ore global issues. By using foreign supplies, we reduce out ability to manage and control 
the environmental impact. As one participant said, w’e need to “get rid of the ‘not in my backyard’ 
syndrome with regard to infrastructure and facilities.” The United Stares is the only country in the 
wt.irld that restricts the use of its own energy resources while transferring trillions of dollars of 
wealth to other countries in order to import encigy. In doing so, we demonstrate a narrow view of 
environmental protection. People we spoke with were shocked to discov'cr the perverse nature of 
our public policy in this regard. For example, while the United States bans drilling within 125 miles 
off the coastline, Cuba is able to drill within 45 miles off the coast of Rorida.'*' VXe agree with the 
many people we spoke with who urged us to move forwan.1 with “safe and environmentally friendly 
methods of tapping into the US. oil supply.” 

5. Tihe Myth: Alternotive fuels ore a "magic bullet." As noted above, the belief that aleernarive fiiels 
can be widely available in the next decade presents a serious challenge to finding realistic short-term 
solutions. More than cwo-chirds of people we surveyed in a recent poll said that increasing the use 

of alternative fuels was the best way to ensure adequate supply while keeping the economy going.'*^ 
Biofuels arc viewed as an immediate possiHiity, hampered only by resistance from “Big At 
presentations and town hails, we heard John F. Kennedy’s challenge to ptit a man on the moon quoted 
more times than we could couni. We also beard recommendations from “. . .put a solar panel on every 
roof” - to achieve “...100 percent energy use from solar and wind and wave” - and ro “...take the 
money that is currently being u.sed to search for oil and use it to develop better aiwrnaeh’es to oil." 

The Reality: We believe in oiternofive fuck - but nol in magic. The International Energy 
Agency estimates that under a “biisincss-as-usual” scenario, altcrnatiw energy will account for 8 
percent of U.S, energy u.se in five years. It concludes that aggressK'e policies promoting alternative 
energy use could raise the j^rcentage to 0.5 {percent in the near term — well below what many 
respondents projected.'^ 
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“But growing 
domestic ethanol 
production at this 
pace over the next 
five to J 0 years 
will prove highly 
challenging. Food 
and other agricultural 
prices skyrocketed 
this past year in 
response to this new 
demand for corn.” 



Sheii has been investing signihcandy in alternad^ technologies since 1997, and we know that 
technology can be accelerated only so much. Some of the examples of the challenges: 

• Solar. We had been in the alicon solar photovoltaic cell business since 1 997, and we eventually 
realized that for Shell, the commercial feasibility' of developing a material business in a reasonable 
time frame was doubtful. That business was stdd. Now wc are pursuing a new thin-film 
technology that promises to he much mote efficient, but we — and others in this field — are far 
from being able to put a solar panel on every roof. Nor are consumers ready to pay the cost. 
Right now, solar ene^' costs between 20 and 30 cents per kilowatt-hour, up to three to four 
times the cost of other existii^ fuels for electricity' generation.’* 

• Ethane^. In 2006, the United States produced 319,000 barrels a day (4.9 billion gallons a year) of 
this biofuel, mainly horn corn That is just a small fracrion (3 percent) of the 9.7 milLon barrels 

a day of gasoline fuel consumers used in die United States during peak summer time. Ethanol 
production rose 1 9 percent between 2005 and 2006.” It is expected that 2007 data will show an 
even greater increase. But growing domestic ethanol production at this pace over the next five 
to 10 years wiU prove highly challengiag Food and other agriculmral prices skyrocketed this past 
year m response to this new demand for corn. Cellulosic technology will produce more ethanol 
for sure, but the technology and timing, while legislativ'ely demanded, are less certain. 

' Wind. Audiences frequently dred wind power as a promising 
alternative. Shell has been heavily involved in wind as an energy 
.source. We also view it as a viable ahetnative. but scaling it up 
to a significant level is a challenge. The American Wind Energy 
Association estimated in 2007 that the industry would install more 
than 3,000 megawatts of new wind generation infrastruemre by 
year-end, and thai ahcnit 31 billion kilowatt-hours (kWIt) would 
be generated by wind power in the U.S. in 2007. WTiile this is 
enough dectridiy to power the equivalent of nearly 3 million 
average homes, wind power currendy accounts for less than 1 
percent (0.65 percent) of U.S. eleetridty usage.*' Scaling up is 
also challenged by the fact that many appropriate sires for wind 
turbines are located far from existing energy infrastructure, 
requiring dex’clopmcnt of additional transmission capacity as well. 

• Hydtogen. Hydrogen is the world’s most plentiful element, and is part of the Shell portfolio of 
future low-carbon fuels. As a fuel, hydrogen offers the potential to substantially reduce emissions 
and increase energy security. There are obstades to be overcome, but hydrogen could become 

a commercially viable transport fuel in the coming years. Building on its strong technology 
platforrm, we are dctcloping low-carbon hydtt^en supply chains, which in the longer term may 
rdy increasingly on renewable sources of cnerg)'. We already have hydrogen fueling stations 
in the U.S., Europe and Asia and are working to develop mini hydrogen networks. We partner 
with car manufacturers and local governments to coordinate the building of hydrogen fueling 
stations in areas where fuel cell vehicles are being introduced such as the Los Angeles and New 
York Gty metro areas. Since 2004, Shell has operated an integrated gasoline/hydrogen station 
in Washington, D.C and opened two new hydrogen stations in 2007; one in White Plains, New 
York, and another in Shanghai, China. We plan to open our first hydrogen station in Los Angeles 
in the spring of 2008. 

Alternative fuds also require corre.sponding technology changes. Historically, it has taken 1 5 to 20 
years for new automotive technology to move from concept to widespread commercial production.^ 

Plug-in electric cars or hydrogen fuel could play an increasingly important role in dh'crsifying fuel 
choices in the transportation sector. Today, however, they only represent a small experimental place in 
the market. And in the meantime, many of the cars and trucks on the road today, and those that will 
be built in the next five to 10 years, will still be in use a decade from now or longer and will srill rely 
on conventional fuels. 
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6. The Myth: We can conserve our way to energy security. Many people cited consen-adon as 
the most important strategy. As one Pittsburgh resident saw the answer “Penalties and sanctions for 
thf)sc wh<a waste.. .incentives for those who conserve.” Solutions ranged from adjusting thermostats 
and encouraging mass tratisit to draining the last drop of oil from an oil can.” 

i t L ..y 1 have advocQfed e "culture of conservatfen'' that relies 
> i 3 y i r *1 s - but ^qI cannot be the foil sdufion. Even to hold gasoline 

consumpann at 2iiliS kwels bv 2l!2<l- assuming implementation of the new CAFE standards, u-iU 
require the average i\merican driver to reduce fuel consumption by about 20 percent — for example, 
by taking mass transit once a week.‘~ That does not reduce our dependence on oil - it jnst maintains 
the line. And yet, as one Cincinnati town hall participant asked; “Who among us is willing to by down 
their car kevs and take mass transit?” Few hands went up when we asked for volunteera. 

7. r^e Myth: Oil and gas companies make huge profils and are sitting on mountains of cosh. 

Oil and gas company profits arc routinely front-page news after quarterly earnings annouticements 
are published, leading to questions about what happens to all of that money and why energy prices 
are so high. 

The Reality Oi! industry profits are in line with c^ber mo^r monufoefuring industries. In 
the U.S., for example, data compiled by the American Petroleum Insritute (API) for the third quarter 
of 2007 shows the oi! and nararal gas industry earned 7.6 cents for every dollar of sales, compared fo 
other industries such as beverage and tobacco prtxlucts (21 .6 cents earned for ever)- dollar of sales) 
and pharmaceuticals and medicines (18,8 cents earned forev'ery dolbr of sales).^ Additionally, over 
the course of the year Shell invested nearly as much as it earned in important new' projeers around the 
world to secure a sound energy future. 

The "Razor 's Edge" of Oil Supply and Demand - the Three Hard Truths 
If the disconnects bcowen energy myths and realities are the crus of the dilemma we currently face, the 
“Three Hard Truths” point us tow'ard that razor’s edge of energt' supply and demand, adding even greater 
urgency for realistic solutions to our energy challenge for the short term, medium term and long term. 


◄ ◄◄MYTH 

◄ ^^RiAUTY 


◄ ◄◄MYTH 

◄ ◄REAUTY 


One: Global detnand for energy is occdeitjHttg. A recent report by 
the National Petroleum Council iotjked at energy data and projections 
made by the US. Energy Information Administration and the International 
Finergy Agenej', From 1980 to 2000, w'orld cnergt’ demand grew at about 
1 .7 percent per year. Since 2000, that trend has accelerated, driven by 
development in Cliina and India coupled with continued expansion in 
developed economies." ' The L.'nited States, however, still accounts for a 
quarter of global demand. We use 10,0(X) gallons - enough to fill a backyard 
swimming poo! - ever)’ second of ever)’ day,""* and 20 railcars of coal twery 
minute.'" L.ooking forward and assuming adoption of alternative policies, 
even the lowest projection shows that eneigy demand will continue to grow 
at 1 .4 percent, while the highest projection is that demand will grow 2.5 
percent.''^ At that rate, demand in 2030 will be more than double what it 
was in 2000, 

Two; "fiosy oil" will not keep up with demand. While we dt5 not 
subscribe to the peak oil theory, the truth is that, particularly outside the 
Middle East, the readily accessible sources of ctMiventional oil are licing 
depleted. To tap new resources requires hard choices. In some cases, that 
means spending more on exploration and development to find and tap 
ultra-deepwater resources as we are doing in the Cjulf of Mexico. It means 
technology investments to convert oil sands to useable oil fluids as we are 
doing in {^lanada. And it means making the policy decisions necessary to 
grant access to areas where federal restrictions currently limit exploration 
and drilling 


2007 Est. World Supply. 85 Million Barrels/Day 

U.S, ■ 8.5 Non-OPEC - 33,5 



Russio (FSU)-12 

2007 Est. World Demond: 84.5 Million Barrels/Day 

5 ®f World - 22 



Jopar.-S.s" j, 
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“We have also 
been taken to task 
for not investing in 
alternatives long 
ago, but it was 
difficult to fund 
research and defend 
it to our investors 
when oil prices 
were so low that few 
would want to pay 
the high price for an 
alternative fuel.'” 


Three; Using more energy now m^ins more carbon dioxide. We believe that by 2100, the 
world will have a radically different energy mix. The challenge is how we get there. Over the short 
term, most available energy sources are fossil-fuel-based. No matter where we obtain domestic or 
imported resources, our growing appetite for energy comes at a cost to the environment in the form 
of carbon dioxide emissions from both mobile and non-mobile sources. Without intervention, 
current go^rnment projections show that IXSu greenhouse gas emissions will rise 35 percent 
by 2030.^ Around the worid the rise will be as great, if not greater. Any path forward needs to 
include greenhouse gas management as part of the equation — thus the Shell position to support a 
comprehensive cap-and-trade policy led b)' government. 


How Did We Get Here? 

Over the 18 months that we conducted 
our dialogue, we were able to observe a 
growing understanding among Americans 
of some of the factors driving today’s 
energy situation. In June 2006, audiences 
were still coining to grips with the realign 
of higher prices, and many were looking 
for someone to blame. Now, more of 
those we meet with are aware of some 
of the dynamics behind oil prices, as 
well as prices at the pump. But many 
still wonder how we reached this tipping 
point between supply and demand with 
so little warning. 

Encjgy companies have to take 
some blame, primarily for a failure to 

communicate. One town hall participant asked bluntly, “How come 
problem and the alternatives?” 



e not being informed about the 


As an industry, we have not done a good job of building public awareness of energy issues. 

We have also been taken to task for not investing in alternatives long ago, but it was difficult to fund 
research and defend it to our investors when oil prices were so low that few would want to pay the high 
price for an alternative fuel. 

The factor that was not readily predictable was the pace of industrialization and associated oil-demand 
grow'th in developing countries, most notably China and India. As the National Petroleum Council report 
points out, these countries arc just reaching the point where individual wealth and energy consumption 
start to accelerate. For example, the number of cars in China more than doubled between 2000 and 2006, 
although even with that increase, there is just one car for every 40 people. (Compare this to the United 
States, where we have one car for every two people.)^ Oil trades on a global market so as these new 
demands put pressure on the supply, prices incviubly rise, 

Geopolitical issues have also contributed to supply and pricing issues. Much of the world’s oil rc.source 
is concentrated in countries that U.S. consumers consider unstable or sometimes even hostile. When the 
supply situation is already tight, as now, any supply disruptions - or the anticipation of supply disruptions 
- can push trading prices higher. 

In the United States, partisan politics also have played a role by restricting access to otherwise produceable 
resources and making it difficult to build new infrastructure to address growing demand. Fortunately, 
Congress has begun to take action in some areas: 

• In 2005, it passed the first energy bill in 13 years, which included incentives for increased oil and gas 

production in the Gulf of Mexico and a pilot program to cut the red tape for onshore exploration in 
approved areas of the western states. 
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* In 2006, Congress passed the Gulf of Mexico Energy Security Act, which opened 8.3 million acres 
on the Outer Continental Shelf off the coast of Rorida for oil and gas leasing The esdmated 
resources in this area include 1 .26 billion barrels of oil and 5.8 trillion cubic feet of natural gas. 
Although this area of the Gulf of Mexico is equivalent ro a postage stamp on a newspaper page, it is 
the biggest area of the Outer Continental Shelf to be opened in more than 20 years. 

• In December 2007, the President signed into law another energy bilL The Enetgy Independence 
and Security Act addresses fuel efficiency, renewable fuels, electric light bulbs and enetgy-efficicnt 
buildings, and begins to cackle greenhouse gas enussions. We believe there is sdll much more Congress 
can do, but the Bush Administration and legislators are to be congratulated for die positive steps they 
have taken. 

We also commend groups such as the American Petroleum Institute (API), National Petrochemical and 
Refiners Association (NPRA), IJ.S. Chamber of Commerce, the National Association of Manufacturers 
(NAM), the American Chemistry Council, the United States Energy Assodadon (USEA) and others that 
ha\’e been working to help develop solutions and educate the public about diis issue. 

The legislative actions mentioned above arc important steps. But we must make it dear that they still fall 
short of a comprehensh'c, holistic, coherent national energj' strategy that addresses short-, medium- and 
long-term solutions. Of the Outer Continental Shelf, 85 percent remains off limits.^* We have moved 
forward on a $7 billion investment to expand domesde refinery c^adty. However, the regulatory and 
permitting process is soli a major barrier to reftnety corntruedon. The current policy also fails to address 
the promising area of unconventional fuels such as cd sands and oil shale. 

Moving forward will require policymakers who arc even more willing to take a tough stance on complex 
issues. We hope that we will not see one town hall patridpant’s view proven tight: “We may need more 
‘panics' to get people to act,” 


“In our view, 
the solution will 
require a coherent, 
comprehensive 
policy that 
addresses the full 
range of possibilities 
and finds the right 
balance among the 
options.” 


Solutions - A Twelve-point Plan 

We’ve said before that we don’t bdieve there is a magic bullet that will solve our energy challenges. In our 
view, the solution will require a coherent, comprehensive policy that addresses the full range of possibilities 
and finds the right balance among the options. 


We need to think of energy security as one of three major security issues that we face and give it the 
same degree of attention we give to economic security (such as measures to address foreclosures due 
to subprime mortgage lending) and homeland securitj' (such as heightened security 
measures following 9/11). Like these parallel issues, energy securit)’ warrants Presidential 
leadership, bipartisan congressional support, and a focus on solutions at the federal level 
rather than a patchwc:rk of state programs. 

Shell advocates a twelve-point plan that addresses three key areas: supply, demand and 
environment, As with many other 12'Step inidatives, the first step is accepting that we 
have a problem. What we heard in our dialogue with Americans indicates that we have 
reached that point of acceptance. 

Point 1: Allow more access to convenlional oil ond gas. A Louisstille town 
hall participant summed up the feeling we heard from many we met: “Keep 
pushing ahead on explorarion and drilling technology; do whatever is necessary to 
protect the environment but do not give up on extraction from sensitive regions.” 
in a survey conducted for us recently, more than seven in 1 0 people supported 
some degree of increased access to drilling in areas off limits to production.^ 

At Shell, we are convinced that conventional oil and gas must be part of the 
solution in the short term, in the medium term, and in the long term. Having 
access to the more than 1 00 billion barrels of technically recoverable oil and gas in 
this country, with the responsibility to develop it using environmentally sensitive 
technology, can play a significant role in reducing our dependence on foreign oil 




A Noiionol Dialogue on Energy Security: 

The Shell Final Report 


13 



59 


“The new energy bill 
calls for expanding 
use of renewable 
fuels progressively 
from the current 4.7 
billion gallons a year 
to 36 billion gallons 
in 2022. It will be 
a challenge for the 
industry to meet that 
standard, and it will 
require diversifying 
renewable fuels 
beyond corn-based 
ethanol.” 


Point 2: Develop domestic unconventional oil and gas resources. Canada already produces 
a million barrels a day of oil from the tar sands of Alberta.*’ In the United States, a trillion barrels 
of oil remain trapped in shale in Coloradt^ Wyoming and Utah-** Shell has been researching 
environmentally scosidve and commerdally feasible ways of developing that resource, but our efforts 
are hampered by lack of a federal program that clcatiy defines regulations, policies and a royalty 
framework for development of this rast resource. 

Point 3: Move to clean coal techndogy. The Ututed States is rich in coal resources, but traditional 
coal generation produces high greenhouse gas emissions. Clean coal technology', otheri’ise known 
as coal gasification or IGCC {mtegrated gas combined cycle) technology, can allow us to use coal for 
electricity generation while capturing and sequestering carbon dioxide. This technology requires a 
larger upfront capital investment than traditional co^-fired electricity generation. U tilities and public 
udlity commissions are challenged tt> define new ways of funding those investments that do not put 
an undue burden on shareholders or udllry customers. National leadership in this regard can create 
the enablers to use clean coal and reduce carbon dioxide emissions. 

Point 4: Supfi^ement our nohiral gas supply with imported liquefied notural gas (LNG). 
Most of the energy discussion focuses on lessening our dependence on imports, but natural gas 
demand is predicted to grow frister than our ability to develop further domestic production. Natural 
gas is becoming an incte^ingjy preferred fuel for hearing and electricity generation because of its 
clean burning qualities. 

Traditionally, natural gas has not been transported from one part of the world to another because of 
the difficulty of shipping a gas. Technology now allo'A^ us to store and ship the gas safely at extremely 
low temperatures in a liquid state. Imported liquefied natural gas is regasified at coastal terminals and 
transferred to existing pipeline systems. The challenge: resistance to infrastructure means that we face 
enormous difficulty in siring LNG regasificarion terminals, especially on the East and West Coasts. 

It will take ongoing education and forward-looking policymakers to make this clean energy source 
accessible- 

Poi'nl 5: Move biofuels beyond corn. The new energy' 
bill calls for expanding use of renewable fuels progressively 
from the current 4.7 billion gallons a year to 36 billion 
gallons in 2022. It wiU be a challenge frir the industry to meet 
that standard, and it will require diversifying renewable fuels 
beyond corn-based ethanol. Already, the use of corn for fuel 
is affecting agricultural and food prices. We need to invest in 
the new infrastructure reqiured to move, blend and distribute 
these billions of gallons of fuel, and governments - federal 
and local - need to assist with omely permitring. W’e need to 
pursue alternatives such as cellulosic ethanol, made from the 
stalks and other non-food parts of corn and other grains. 

Cellulosic technology is not yet ready for large-scale use, 
but it must be pursued aggressively to meet future demand 
without throwing other parts of the economy off balance. 

Point 6: Create the distribution systems to take odvontage of wind energy. Wind is one of 
the world’s most benign energy sources. Shell now has interest in or operates seven wind ftitms in five 
states. But this technology is limited by lack of transmission systems to move the wind energy from 
remote hills and potential offshore wind farms to connect with the electric grid. These new systems 
need local permitting approval, which can be difficult to obtain - again, “Nimbyism" prevents the 
infrastructure. Federal and state policies supporting new transmission systems would enable this 
technology to be adopted more widely: 

Point 7: Push solar research lo make ll commercially viable. After ten y'ears in the solar 
business, Shell has learned a lot - mostly about what doesn't work or isn’t commercially feasible. 
Available solar panel systems arc too expensive and inefficient for wide usage. W'e are now looking to 
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nanotechnology for a solution, but the rigjit mbc of efficiency, cost 
and availability remains elusive. Because the potential mratd — 
readily available, zero-emission energy' — is so high, this area deserves 
an intensive research and development push. 

Po/n/ 8. Develop the hydrogen fleet and fueling 
infrostructure. Hydrogen as an automotive fiiel is real tod^ but 
in a very small way. Shell is involved in a partnership widi General 
Motors for hydrogen fuel cell vehicles, but it is still in the pilot 
st^e, with demonsciadon projects in Washington, D.C, New 
York Gty and soon in Ix)s Angeles. There are still technical and 
policy questions about permitting and regulation of a hydre^en 
fueling nera'ork. Hydrogen fuel cells also offer potential as a power 
source for electricity in buildings and homes. It will probably take a 
decade or more to make hydrogen a commercially available option. 
However, for our grandchildren’s children, it may become the 
standard fuel of choice. 



Poinf 9; Focus on energy-efficient design. Two-thirds of those we asked supported higher fuel 
efficiency standards and other government requirements for mtMe energy-efficient products.’* The 
national efficiency sundards for light bulbs included in the 2007 energy bill are a agnificant step 
toward advancing energy efficiency. Ordinary incandescent bulbs use only 3 percent of their energy 
to create light — the rest is wasted as heat.*'’ In the same way, automobile engines use only 20 percent 
of the energy they consume to move the car forward — the testis wasted as heat’’ Tlie new CAFE 
standards call for greater fuel efficiency. Over the long term — not the short term — we may be able 
to achieve greater efficiency from a radical redesign of the power .source than from shifts in fleet size 
and weight. 

Energy effidenq' also can be applied on a larger scale in urban pbnning Many of our town hall 
participants stressed the need for development of "energy-efficient communities” or “smart growth" 
strategies designed around minimizing commuting. 

Point 10: Develop o federol framework for measuring and conftoiling greenhouse gases. 
The energ)’ bill of 2007 addresses some of the greenhouse gas emissions issues by adopting a stricter 
fuel economy standard for cars and light trucks, speeding up the use of energy efficiency technologies 
and increasing federal research for carbon capture and sequestration. These arc important measures, 
but we believe a national climate change pobq’ makes much better sense than dozens of regional 
policies or 50 state policies. On the present path and left unchecked, annual U.S. greenhouse gas 
emissions arc projected to increase by 35 percent.* 

A new report by McKinsey Sc Company identifies opportunities to reduce these projected emissions 
by between one-third to one-half in 2030 at manageable costs to the economy, using proven and 
emerging high-potential technologies - but only if the US. pursues a wide array of options and 
moves quickly to capture gains from energy efficicocy. However, the report warns that private sector 
innovation and policy support will be necessary to unlock even the most economically beneficial 
abatement options. 

Shell believes an effective US, climate change policy should: 

• Include a workable cap-and-tcadc program for carbon emissions from stationary sources such as 
power plants and large industrial facilitie.s and a separate program for reducing carbon emissions 
in the transportation sector, 

• Encourage more renewable energies and the capture and storage of carbon dioxide emissions, 
and 

• Work with existing international systems to reduce greenhouse gases arounid the world. 


“Ordinary 
incandescent bulbs 
use only 3 percent of 
their energy to create 
light - the rest is 
wasted as heat.” 
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Point 1 1: Educate our children and ourselves on energy 
issues. In out national dialogue, we emphasized the need for 
both adults and children to be more educated about energy 
issues. Mote than two-thirds of those with whom we met 
supported funding for increased education and conservation 
awareness.” We cannot make the hard choices ahead of us 
without a broad understanding of the basic issues of energy 
security. 

School curricula should include more study of energy - where 
it comes from, how it is used and the impact of the energy 
choices we make. And these lessons should begin at an early 
age, to shape consumer behasior and to encourage curious 
young minds to become the energy engineers of the future 
who will tackle diese challenge.?. 


“We believe a 
national climate 


Point 12: Keep rtie door open for ortier technology soiultons. There are other viable energy 
alternatives, each with its own current limitadom: nuclear power, geothermal energy and hydropower, 
for example. Nuclear power is a proven but controversial technology. For every town hall comment 
we received saying “more nuclear,” there wa.s a corresponding comment saying “no more nuclear.” We 
need to keep puisuing these alternatives and look for other as-yct-undiscovered solutions. 

Moting forward will require narional political will, tedinoiogical and human energy and major financial 
investments. But it can be done if wc commit to act 


change policy 
makes much better 
sense than dozens 
of regional policies 
or 50 state policies. 

On the present 
path and left 
unchecked, annual 
U.S. greenhouse 
gas emissions are 
projected to increase 
by 35 percent.” 


A Nafwnd Dialogue on Energy Security: 

The Shell Final Report 



16 



62 


A Cali to Action 

In Philadelphia, one town hall participant responded to our dialogue with “a call for Shell to take the lead 
in an effort to support global energy policies that are not self-serving” This report begins a larger call 
to action for all of us: the energy industry, policymakers, business and community’ leaders and indnidual 
citizens. 


It is cridcaJ that we continue to engage and participate in the debate around our energ\' priorities. There 
are hard choices to make to balance our energy needs, our economic well-being, out quality of life and our 
respect for the environment, not the least of which is an immediate and sustained need tt) embrace and 
accept new and updated infrastructure. We heard that no one wants soIutioiB imposed upon them — they 
want to be engaged in the decision-making process. That requires ongoing education from leaders and 
experts, with an active response from communities and policymakers, 
it will require government action to establish a legal framework that addresses: 

• Access, 

• Rights of ways, 

• Permits, 

• Regulations, 

• Environmental stewardship, 

• Appropriate safeguards, and 

• Royalty scruccures. 


“ The time is now 
and the American 
public is ready to 
take action.' Shell 
agrees.” 


Congress has made a positive start with the energy bills of 2005, 2006 and the Enetgy Independence and 
Security Act of 2007. There will be a cost to achieving our energy security, and it mast be shared fairly 
among all involved. For businesses and shareholders, this wiU mean making appropriate investments in 
technology and pushing innovation that can advance our energ)' security. 


Every American has a stake in this issue and a role to play. Wc each must look at our own carbon footprint 
and determine if we are making the best use of the ene^' we consume. Each of us as individuals must 
make our voice heard to shape a future path that reflects our values and priorities. 


In this presidential election year, we all have a responsibilit)’ to understand the dilemma we face, the 
complexity of the choices and the fact that there are no easy answers. We must ask out candidates about 
their stands on energy’ security in the short, medium and long term and push for comprehensive energy 
solutions that make sense for the economy and the environment. 

As one Cincinnati participant said, ‘The time is now and the American public is ready to take action.” 
Shell agrees. 


John D, Hofmeister, President 
Shell Oil Company 


February 14, 2008 


For more information on what is required to ensure enetgy .scairity, visit: www.uscnctgysccuriKshdl.com. 
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’ U.S. Ener^' Information Administration. ‘World Crude Oil Prices,” weeldy histories ^eb. 2008). 

^Thirt)'-four percent of Shell town hall attendees “stron^y supported” increasing the tax on gas and using the money to im'est in energy 
conservation and alternative energy opdons. (October -November 2007 fbUow-up phone survey) This concept also appeared frequently in 
verbatim town hall comments. Town hall comments are posted at www.usenetgysecurity.shell.com. 

’Town hail comments. 

‘‘When forced to choose- one of two statements, 61 percent of town ball attendees agreed that “even if it means significant changes to our 
life.styles, we need to reduce our dependence on oil”; 39 percent agreed that “we will never really change our lifestyles, so wc need to find 
new sources of energy, whether fossil fuels or something else.” Yet in a separate question, only 3! percent idendfied “conserving energy” as 
the most important acdon to help ensure adequate energy supply. Forty-seven percent supported increasing alternadve energy use; 22 percent 
supported increasing energy supplies. (Source; foUow-up phone survey) 

’Based on town hall comments. In addidon, a survey of the general population conducted in October-November 2007 paralleling the town 
hall follow-up survey showed that 67 percent idendfied alternadve eneigy use as the most important acdon to ensure an adequate energy 
supply in the future. 

‘Town hall comments. 

' Ener^ Information Administration. "F-IA Short Term Energy' Outlook.” Updated January 2008. 

’Based on town hall comments and meedngs with goverrunent officials. 

’Based on town hall comments. Profits/price gougingwasalso identified as the “biggest issue feeing the oil industry' today” by 7 percent of 
the general populadon surveyed. 

‘'’Jaffe, Amy Myers. “The Intcrnarional Oil Companies” fThe James A. Baker III Institute for Public Policy, Rice University) (2007). 

"Jaffe, Amy Myers, et al. “US. Energy Policy FAQ: The US. Energy Mix, National Security and the Myths of Energy Independence” (The 
James A. Baker III Insdtute for Public Policy, Rice Unh'ersity) (2008). 

''^Or^fini^tion of the Pttntinm Exporting Countries (OPEC). Annual Stadsdcai Bulletin 2006 (2007). 

'Tn the town hall survey, 30 percent of respondents predicted global oil production would peak in less than 10 years; 28 percent predicted it 
would peak in 10-19 years. The general populadon responses were even higher: 33 percent and 35 percent respectively. 

'*lntsntationaJ Energy Agjin^. "World Energy Outlook 2007: China and India Insights, Execudve Summary” (2007), 

’’Snow, Nick. “Bush asked to recall US-Cuba boundary delineation note.” Oil ^ Cat Jouma/ (volufne 106, issue 5, 4 Feb 2008): citing the 1977 
US, 'Cuba Maridmc Agreement. 

'“See endnote 4 above. 

'’’International Energy Agency data dted in Jaffe, Amy Myers, et al. “US. Energy Policy FAQ: The U5. Energy Mix, Nadonal Security and the 
Myths of Energy Independence” (The James A. Baker III losdtuce for Public Policy, Rice Uniwrsity) (2008). 

"Jaffe et al., op. at. 

'Tbid, 

'Tbid. 
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“Ibid, 

American Petroleum Institute. “America’s Oil and Natural Gas Industry: PiUdi^ Earnings into Perspective” (2008). 

^'National Petroleum Council. “Facing the Hard Truths about Energy: A comprehensive view to 2030 of global oil and natural gas” (2007). 

•*Lx)vins, Amory B., et al. “Winning the Oil Endgame: Innovation fiar Profits, Jobs, and Security” (Rocky Mountain Institute) (2004). 

“U’.i'. Ener^ Information Administration. Total US. coal production in 2006 (latest data) was 1,112.3 million tons. A railcar holds 100 tons. 

Ener^ Information Administration, “International Energy Oudook2006” and International Energy A^my, "World Energy Oudook 2006,” 
cited in “Facing the Hard Truths about Energy.” 

^^International Energy AgenQ', ‘World Encrg)’ Outlook 2004,” cited in “Facing the Hard Truths about Energy.” 

^’’McKinsej Company. “Reducing U.S. Greenhouse Gas Emissions; How Much at W'hat Cost?” (2009). 
op. cit. 

''American Petroleum Institute estimate based on data from U.S. Mnerals ^Hnagement Sersdee, U.S. Geological Survey, Bureau of Land 
Management, and National Petroleum Council. 

“In the October-November 2007 general population survey, 15 percent of respondents supported “significandy reducing rcstticrions” in 
Alaska, 1 5 percent in U.S. coastal waters, 1 1 percent on federal lands and 44 percent on “all of the above.” 

^'Alberta Energy, Government of Alberta, (htcp://wwweneigy.gov.ab.ca/OurBusiness/oi!sands.asp) (8 Feb. 2008). 

’“'Oil Shale Development in the United States: Prospects and Policy Issues.” Rand Corporation study for the National Energy Technology 
Laboratory of the U.S, Department of Energy (2005). 

•’Tn the October-November 2007 surveys, 64 percent of town hall attendees and 63 percent of the genera] population “strongly supported” 
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If lack of communication helped create 
the problem, we believed openness and 
transparency would help solve it. We 
created the dialogue with two goals: to 
build Americans' awareness of the energy 
issues we face, and to gain a better 
understanding of their perceptions and 
prior i ties. 



Tell us what you think about Shell, out performance, our reports or the issues we face in the 
U.S. and globally via email at 8hioU>ielIahel]u8@ahell.coin 

Contact the following address below for copies of this publication. 


Shell Oil Ctnnpany 
910 Louisiana, Suite 4442B 
Houston, TX 77002 


You can access this report online at www.usenergy8ecurity.8he]Lcom 
More information about Shell is available at www.gbeU.com. 


This rtpori has been phakd on 100% ntytkd Sakjtra SUk cover and book. 


The componies in which Rayol Dutch Shel! pic directly afid incTiredV e«Tw invwinwnh ore seporde enAtat. In this brochure the expreisions "Shell", "Group" ond "SKdl Group" ore 
sometimes used lor convenience where references ore rrusde to Group cornpcnies in general. tiliEvrne, the words "we", "us” and "our" ore olso used to refer to Group companies in 
generoi or those who work for them. These expressions ote also used where there is no purpose m idenli^rmg specific componies." 
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The Chairman. Thank you, Mr. Hofmeister. 

Our next witness is Mr. Peter Robertson, who is the Vice Chair- 
man of Chevron. He has served as Vice Chairman of the board of 
Chevron since 2002. He has spent 15 years with that company. 

We welcome you, sir. 

STATEMENT OF PETER ROBERTSON 

Mr. Robertson. Thank you. 

Good afternoon, Mr. Chairman, Ranking Member Sensenbrenner, 
and members of the Committee. My name is Peter Robertson, and 
I am Vice Chairman of Chevron Corporation, and I am here today 
proudly representing 59,000 Chevron employees, 27,000 of whom 
work here in the United States. 

I appreciate the opportunity to discuss the energy issues that are 
very much on your minds and those of all Americans. I will address 
three issues: rising oil prices; our commitment to providing energy, 
including renewables; and policies to insure that we enhance our 
energy security. 

Four years ago we sent a letter to members of Congress, the ad- 
ministration, cabinet members, as well as trade associations and 
think tanks. It foreshadowed the issues we face today and included 
concrete ideas for action. The letter said we face a new reality: vol- 
atility, high prices, greater competition for resources, and height- 
ened geopolitical risks. 

Today this new reality is here, and it is costing us. All Americans 
feel the pain of $100 oil, and it is not just at the pump. Everything 
is more expensive. People are concerned about rising costs and 
rightly so. 

The world is consuming oil at an ever increasing rate, and it is 
projected to continue. There are a billion people who enjoy our 
standard of living, and there are billions more striving for the 
same. 

The current system is straining to meet their needs. There is 
dramatically reduced spare capacity, and there is no room for error. 
Any disruption or perceived threat of disruption typically sends 
prices up, and the declining value of the dollar has only worsened 
the situation. The situation is not sustainable, and it is time to 
take urgent action. 

So what are we doing? Chevron produces almost one billion bar- 
rels of oil equivalent a year, and as large as that number sounds, 
it serves less than three percent of world demand. And in the U.S. 
our refineries produce six billion gallons of gasoline each year, an- 
other large number, but that is less than five percent of America’s 
gasoline consumption. 

Between 2002 and 2007, Chevron invested approximately $73 bil- 
lion in new energy supplies, more than we earned. This year we 
will spend another $23 billion, including 2.3 billion in U.S. refining 
and marketing activities. We have added one million gallons a day 
in gasoline capacity over the last two years. 

Let’s talk about renewable energy. Today Chevron is the world’s 
largest producer of geothermal energy. Between 2007 and 2009, we 
plan to spend $2.5 billion on renewables and energy efficiency serv- 
ices. We formed a range of partnerships to pursue next generation 
biofuels. Let me give you one example. 
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We teamed up with Weyerhaeuser Corporation because we need 
partners. They know plants; we know fuels. Together we provide 
the unique combination necessary to meet this challenge. 

But it will take time to have a meaningful impact. A large 
biofuels plant in the U.S. produces in a year what one of our refin- 
eries produces in a single week. The enormous scale of the energy 
system means that we must continue to bring traditional energy 
supplies to market even as we accelerate the development of re- 
newables. 

But increasing supply is only one important step. We also need 
to aggressively moderate demand. America needs to become a na- 
tion of energy savers. Chevron Energy Solutions has completed 
more than 800 energy efficiency and renewable energy projects, 
largely in public facilities, reducing emissions and saving on aver- 
age nearly 30 percent in energy and operational costs. 

In closing, I want to emphasize what we can do together to help 
consumers. The National Petroleum Council study involved 1,000 
participants, scientists and NGOs, industrial consumers, and policy 
experts. It recommended five strategies ranging from moderating 
demand to expanding supply, to increasing research. It has given 
us sound, sensible, achievable solutions. Now we need action. 

We strongly urge you to implement its recommendations, but 
first we need to change our nation’s conventional wisdom about en- 
ergy development and use. On the demand side, our country needs 
to value energy as a precious resource. We need a “made in Amer- 
ica” solution enabled by everything from human ingenuity to smart 
buildings, to advanced vehicles. 

On the supply side, we need to be sensitive to the scale and time 
frames required to alter the energy mix. We need to help to open 
up the 85 percent of the outer continental shelf that is off limits. 
We cannot expect other countries to expand their resource develop- 
ment to meet our need as we limit our development without good 
reason. 

And we need your help in dealing with inefficiencies in the gaso- 
line market. There are 17 boutique fuel requirements across the 
country. More requirements on fuels are being added through re- 
newable fuel mandates and proposed climate policies. These impor- 
tant policies must be advanced in a way that Americans can afford. 

The time for action is now. During the five minutes it took me 
to deliver my remarks, the world has consumed the energy equiva- 
lent of 35 million gallons of oil equivalent. Our collective leadership 
and ingenuity can set a path for true progress. 

At Chevron we will continue to do our part. 

Thank you very much. 

[The statement of Mr. Robertson follows:] 
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Peter J. Robertson 
Vice Chairman 
Chevron Corporation 

Statement Prepared for the House Select Committee on 
Energy Independence and Global Warming 
April 1, 2008 

Chairman Markey, Ranking Member Sensenbrenner, Members of the Committee. 
My name is Peter Robertson, and I am viee ehairman of Chevron Corporation. I am here 
to represent the more than 59,000 Chevron employees (of whom 27,000 work here in the 
United States) and more than 1 .5 million stoekholders who put their trust in our company 
each day. 1 am proud to be a part of an industry so vital to every American’s way of life 
and to the development and growth of economies around the world. 

Given the many challenges our country faces on the energy front, 1 appreciate the 
opportunity to appear before you today. I will address the factors behind rising oil and 
gasoline prices, highlight what Chevron is doing to develop alternatives and traditional 
energy sources, and discuss the type of policies that promote the use of renewables and 
provide long-term energy security for Americans. 

Although Chevron has been firmly rooted in California for almost 130 years, our 
operations and customers span the globe and extend across the entire energy spectrum. 
Globally, we produce 2.6 million barrels of oil- and gas-equivalent per day — less than 3 
percent of global oil and gas volumes. Chevron’s U.S. production of approximately 
765,000 barrels of oil- and gas-equivalent per day represents roughly 5.4 percent of U.S. 
total. 


We refine, transport and sell petroleum products. Chevron is the sixth-largest 
refiner in the United States, producing about 4.8 percent of the country’s gasoline. And 
we blend ethanol into almost 40 percent of the gasoline we sell in the United States. 

Chevron is a leading producer of renewable energy. We’re the world’s largest 
producer of geothermal energy (operating 1 ,250 megawatts), and we’re pursuing next- 
generation biofuels and other alternatives with a number of important strategic 
partnerships. 

Chevron is also a major provider of energy efficiency services and clean energy 
solutions in the nation. Our subsidiary Chevron Energy Solutions has a strong track 
record of providing solar power to large commercial clients across the country. To date, it 
has handled more than 800 projects, saving clients on average 30 percent on their energy 
consumption and operational costs. 
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Chevron strives to be a strong partner in the communities where we operate. Our 
company supports more than 1 1,000 large and small businesses throughout the country. 
Last year alone, we spent S10.8 billion with our business partners in the United States. 

It is precisely Chevron’s size and scope that allow us to take risks in an 
environment in which global resources are increasingly nationalized, and single oil and 
gas developments run in the billions of dollars. The search for the next source of 
energy — whether it be oil or next-generation fuels from renewable sources — takes 
enormous capital, specialized expertise and the organizational capability that 
characterizes Chevron. Transforming raw materials into useable energy products and 
delivering them to markets on six continents takes substantial financial strength, 
advanced technology and human energy. 

And yet, from a global perspective, sovereign states and their national oil 
companies own 94 percent of the resources consumers need. Chevron ranks 21" in terms 
of its access to oil and gas resources (See Appendix chart #1). 

Strong global demand, weak U.S. dollar have driven up oil prices 

As we meet today, the price of oil has risen recently to record levels above SI 00 a 
barrel. Given that the largest contributor to the cost of gasoline is crude oil, this has 
translated into record-high gasoline prices. In February, according to the Department of 
Energy, a gallon of regular gasoline retailed on average for S3. 03; the price of crude oil 
accounts for some 70 percent of this, or about S2.1 1. Federal, state and local taxes 
averaged 40 cents per gallon, making the combined effect of crude costs and taxes $2.5 1 
per gallon, or 83 percent (See Appendix chart #2). Consumers and businesses feel the 
effects from the supermarket to the airport. Likewise, in the energy industry, we are 
feeling the effects — from increased energy costs to produce, refine and distribute 
products to more expensive steel to costlier rates for drilling ships. We are as concerned 
about escalating oil prices as any other energy consumer. To address these concerns 
going forward, it is important to understand the many factors affecting the price of 
oil — and, therefore, the price of transportation fuels. 

There are fundamental factors affecting the current price of oil, including rising 
demand, the reduction in the supply system’s spare capacity to deal with unforeseen 
disruptions, the value of the U.S. dollar and the associated flight to commodities, and 
rising risk — both above ground and below ground. 

We have reached a point where worldwide demand is straining the global energy 
system. While demand in OECD countries essentially has been flat over the past few 
years, demand in non-OECD countries — what we typically think of as developing 
nations — is experiencing robust growth. In fact, growth in non-OECD regions has 
accounted for over 80 percent of the rise in oil demand since 2000. China’s new 
“Industrial Revolution’’ has lifted all boats across non-OECD economies, especially Asia. 
The expansion has been driven by exports and infrastructure investment, and has 
consumed commodities at an unprecedented rate. It is important to highlight that in many 
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important energy-consuming non-OECD countries government treasuries have 
subsidized price {Appendix chart tf3), a factor that has contributed to additional stress on 
supplies and price. 


The Middle East is also in the middle of a substantial investment cycle, a process 
that has kick-started oil demand growth in the face of rising oil prices. Thus far, non- 
OECD oil demand growth has shown few signs of softening despite the U.S. economic 
slowdown. 

It is this economic growth overseas, especially in India and China, that has helped 
hundreds of millions of people to rise above the poverty level to a better quality of life. 
These basic human aspirations and the associated energy growth arc forecasted to 
continue. Global energy demand is projected to increase roughly 50 percent by 2030, 
with demand in the Asia-Pacific expected to grow 90 percent over the same period (See 
Appendix chart #4). And, according to the Department of Energy, demand in the United 
States is also forecasted to grow by 1 6 percent over the next 20 years (See Appendix chart 
# 5 ). 


The accelerated increase in demand since 2004 has reduced the global spare 
capacity of oil, creating a tighter relationship between supply and demand and heightened 
concerns in markets around the world (See Appendix chart #6). Falling or flat U.S. 
production is a contributing factor and adds to these pressures. According to the 
Department of Energy, U.S. oil production has fallen approximately 40 percent since 
1985, while U.S. consumption has grown more than 30 percent. In real barrels, U.S. oil 
production is now below 5 million barrels per day — it was approximately 9 million in 
1985. The narrowing of spare production capacity in the world means that even when a 
relatively small amount of resource is at risk of disruption due to a variety of factors, it 
can affect the price of oil. 

This heightened market sensitivity is exacerbated by other risks. “Below ground 
risk” is increasing as energy is harder to find and more expensive to produce. “Above 
ground risk” is also occurring around the world. At home and abroad, access to new 
supplies has been restricted, making it increasingly difficult for the energy industry to 
invest and expand operations. And calls for increased taxation only serve to shritrk the 
capital base available for energy development. As the recent National Petroleum Council 
study pointed out, our country’s greatest concern relative to future supplies stems not 
from a lack of hydrocarbon resource but, rather, from the risks to our ability to expand 
production in a manner timely enough to meet growing demand. Policies restricting 
access to new areas with resources in the United States combined with naturally declining 
mature oil and namral gas fields have increased U.S. reliance on supplies from 
international sources. 

These factors are not a new phenomenon. It has been something Chevron has 
been warning Congress about for some time. In 2004, we sent a letter to the 
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administration and leading members of Congress, trade associations and leading think 
tanks that said: “Today, we face a new reality in energy — one characterized by volatility, 
high prices and greater competition for resources that are shifting traditional alliances. 
Increased and sustained demand from China and India, declining supplies of traditional 
energy sources, and heightened geopolitical risks in the critical energy producing markets 
have contributed to this new reality in energy.” 

This new reality and the impact on oil prices are compounded by the weakening 
of the U.S. dollar. The higher oil price is in part a market adjustment that reflects the 
weakening purchasing power of oil exporting countries that sell their oil in U.S. dollars 
but buy goods with stronger currencies such as the euro. Additionally, the weak dollar — 
and concern by stock investors over the subprime issue and its impact on the stock 
market — has contributed to a flight to commodities by investors seeking better returns 
(See Appendix chart #7). Oil has gone up along with many other commodities such as 
gold, com, copper and even coal. While oil has reached record highs this year, a 
Washington Post article on March 20 reminds us that the tightening global energy-supply 
demand balance also has affected coal, which has increased in price by approximately 9 
percent since the begirming of the year. 

This has created a somewhat unusual situation that was observed by one 
economist speaking to the Wall Street Journal: “Crude futures prices,” he said, “have 
decoupled from the forces controlling the underlying physical flows of the commodity.” 
Or, more simply put, the weak dollar keeps prices high, even though the market has 
responded both with more supply to meet demand and, in some sectors, a lowering of 
demand. In fact, recent figures from EIA suggest that demand in the United States has 
moderated in response to the current high prices. That prices still remain high 
underscores the fact that many factors are in play and there are no short-term fixes to 
today’s price levels. 

Energy challenges are immense - so is the infrastructure needed for suppiies 

To understand today’s energy reality, I would emphasize that the energy system is 
global, vast and complex. For each minute we spend here today, the world wilt consume 
the equivalent of 7 million gallons of oil-equivalent. For decades it also has delivered 
energy to over a billion of people around the globe efficiently and reliably. The 
infrastructure that produces energy in one part of the world and delivers it to another is 
highly intercormected — physically and to the global markets that set price. Each depends 
upon the other. Although the United States is a key producer and the leading global 
consumer, we are only one part of this global system and cannot be isolated or immune 
from issues that either shape or upset global market dynamics. 

There has never been a more urgent need to be realistic about the energy system’s 
w/erdependence and its size and scale. We also need to recognize the magnitude of 
resources, both financial and organizational, needed to keep it running. Today’s energy 
infrastructure requires substantial ongoing investment to sustain production, tap new 
sources and meet growing demand. In fact, in its 2007 Energy Outlook, the International 


4 



72 


Energy Agency has projected that the world will require $22 trillion in new energy 
investments by 2030, with $7 trillion needed to produce the resources — the oil, natural 
gas, coal and biofuels — needed to meet demand. Nearly half of these investments will be 
in developing countries. 

As we strive to meet demand, we are overcoming increasingly extreme and 
remote environments, and we are facing head-on the challenges posed by climate change. 
Our industry has evolved over the last 100 years from relatively simple wooden derricks 
that barely scraped the Earth’s surface to complex offshore platforms that produce oil 
from reservoirs located miles below, where pressures can exceed 20,000 pounds per 
square inch and temperatures well surpass the boiling point. One new oil project on the 
frontiers of the Gulf of Mexico can cost more than $5 billion and take more than 10 years 
to bring onstream. But one of these projects adds less than 1 percent of U.S. demand and 
illustrates an industry truism: The era of easy oil is over. 

There are significant challenges that need to be resolved so that we can generate 
the kind of production at a scale needed to meet U.S. demand. These challenges will take 
time, money and new infrastructure and technology to solve. For the foreseeable future 
it also will take contributions from all energy sources — traditional energy and renewables 
and alternatives. 

Biofuels offer an important resource in the future of transportation fuels. The 
challenge is one of commercial scale. One of the country’s largest biodiesel facilities, 
located in Washington state, for instance, has an anuwa/ production capacity of 100 
million gallons. This amount would serve the country’s demand for transportation fuels 
for about six hours of one day. And it roughly equals the amount of transportation fuel 
that Chevron’s refinery in Pascagoula, Mississippi, produces in a single week, and 
Pascagoula is one of approximately 150 refineries in the United States. This illustrates 
the kind of scale needed for biofuels to have a meaningful impact on the energy mix that 
serves the transportation needs of an economy the size of the United States. 

Renewables and alternatives represent less than 10 percent of the global energy 
mix today and have seen a fourfold increase in global investment since 2004. Nearly 
$150 billion has been poured into this sector in the past 12 months alone {See Appendix 
chart #S). The volume of renewables is expected to increase roughly 45 percent by 2030 
to meet demand. Even so, their percentage of the total energy mix will remain close to 
the current percent, because the overall global demand is growing so quickly. 

Chevron is aggressively investing to develop new energy supplies 

We are actively responding to the energy demand of the United States and 
countries around the world — investing aggressively to develop energy supplies to meet 
today’s and tomorrow’s needs. Our activities span a diverse portfolio of energy interests, 
including traditional oil and gas, renewables, alternatives, energy efficiency services, and 
research and development in future energies. Between 2002 and 2007, Chevron invested 
approximately $73 billion back into the business to bring new energy supplies to 


5 



73 


market — investing what we earned. Some SI 7 billion of that sum was invested in pur 
U.S. upstream — or exploration and production — operations. 

Our capital program for 2008 is close to $23 billion, an increase of nearly $3 
billion over our 2007 investment, and nearly triple what it was in 2004. Globally, 
Chevron currently has 40 major oil and natural gas capital projects in the planning or 
development stage, each with a net Chevron share of the investment of over $1 billion. 
These projects arc critical to supplying the energy that the world needs and will be 
important to closing the gap between supply and demand, which is key to addressing the 
challenge of high prices. Out of this queue of 40 major supply projects, eight are located 
in the United States. And there are many other upstream projects under $1 billion that 
will have significant production once they come onstream (See Appendix chart #9). A 
number of these projects arc situated at the forefront of development and employ leading- 
edge technology. As alluded to earlier, factors such as size, organizational capability and 
the ability to assume the inherent risks in developing technology and undertaking large 
investments are essential assets when competing in today’s global energy environment. 
Even though Chevron is relatively small compared with its nationalized competitors, it is 
a strong competitor. This is an industry in which size, technological capabilities and 
financial strength are the new “priee of entry,” and large-scale and frontier energy 
developments arc the norm, not the exception, today and in the future. 

Let me highlight a few key projects to illustrate what we do. We are working on 
several deepwater oil and natural gas projects in the U.S. Gulf of Mexico. One of these, 
known as Tahiti, offers a typical case study in the risks facing this business today in 
terms of timing, scale and cost. We acquired the Tahiti leases in the 1990s, when oil was 
in the $20 per barrel price range. In 2002, we used leading-edge technology to drill in 
4,000 feet of water and found an estimated 400 million to 500 million barrels of 
recoverable resources. It will take seven years to build the infrastructure required to 
produce the oil and gas more than a 100 miles offshore. When Tahiti finally comes on 
line, we will have invested $4.7 billion — before realizing $1 of return on our investment. 
Once in production, Tahiti is expected to produce for up to 30 years. At it peak, Tahiti is 
expected to add 125,000 barrels of oil and 70 million cubic feet of gas per day to the U.S. 
domestic supply. 

Another example is a research and development project on refining technology 
our company recently announced. Known as VRSH, which stands for Vacuum Resid 
Slurry Hydrocracking, this technology will help us produce transportation fuels from 
heavy oil otherwise used for other lower-grade petroleum products. We spent almost five 
years working on the project in a lab setting testing the technology. We announced in 
March that we are beginning work on a pre -commercial plant at one of our U.S. refineries 
that will take two years to construct. We will learn more about the technology for a few 
years before we will be able to confirm whether we can build one of these plants at full 
scale. Once that decision is made, it will take another several years after that to complete. 
This kind of step-by-step process is needed to ensure we are making the right decisions. 
They take time. 
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A final example is our Kern River oil field in southern California. We discovered 
oil more than 1 00 years ago in the San Joaquin Valley. At Kern River, 2 billion barrels 
later, we are still there. This year we expect to spend nearly $1 billion on the 
sophisticated technology and ongoing development activities required to produce as 
many barrels as possible out of this historic and important American resource. This 
investment in our base business is a very important part of our business. Aside from 
providing a flow of oil, these efforts help us understand how oil reservoirs work — 
knowledge and technology that we can apply around the world so that our partners also 
can enhance their oil recovery from known resources. 

Today in the United States, we have five major oil and natural gas projects under 
construction, with a total peak production capacity of 420,000 barrels per day of oil- 
equivalent. All these projects are expected to be in production by 2010. 

At the same time that we are investing at the forefront of traditional energy such 
as oil and gas, we also are pursing advances in renewable technologies that are needed to 
help diversify supply and meet the challenges of tomorrow. To add to domestic energy 
resources. Chevron and many other companies are making investments in renewable 
energy. Since 2002, Chevron has spent more than S2 billion to develop renewables, 
alternatives and energy efficiency services. Between 2007 and 2009, our spending on 
renewable technologies and energy efficiency solutions will increase to $2.5 billion. 

New technology to unlock the enormous potential of cellulosic ethanol is needed, 
and that’s where companies such as Chevron are already taking steps to achieve progress. 
In 2006, we formed a biofuels business to advance technology and pursue commercial 
opportunities related to the production and distribution of ethanol and biodiesel in the 
United States. We recently announced ajoint venture with Weyerhaeuser Corporation to 
pursue the research necessary to commercialize production of biofuels from nonfood 
sources. Catchlight Energy will work to develop technology that will lead to commercial 
biofuels production. 

And more research is needed. We have strategic biofuels alliances with Georgia 
Tech, UC Davis, Texas A&M, the U S. Department of Energy’s National Renewable 
Energy Lab and the Colorado Center for Biorefining and Biofuels. Chevron was selected 
by the U.S Department of Energy to lead a consortium that has built five prototype 
hydrogen stations across the United States. We also are participating with AC Transit in 
the San Francisco Bay Area (California) on a zero-emission hydrogen bus project. 

We are also investing in our refineries to continue to improve our ability to supply 
the products U.S. consumers need. At present, we are working on major projects at each 
of our big three U.S. refineries. Our U.S. downstream capital spending in 2008 will be 
$2.3 billion. Since 2002, we have invested $5.2 billion, which has resulted in additional 
supplies of more than 1 million gallons of transportation fuel production per day. We also 
are investing in refineries outside the United States, such as Pembroke, Wales, which can 
produce gasoline to meet U.S. and California specifications. 
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However, our investments in refining are sensitive to market forces, market 
direction and local permitting decisions. Government policies — such as the recently 
passed energy bill with its very ambitious program for renewable fuels — have created 
uncertainty over how much additional U.S. refining capacity may be needed to meet 
future U.S. demand. We have recently canceled work on a major refinery expansion 
project, due in part to that uncertainty. 

Chevron is taking aggressive steps to increase energy efficiency 

The energy challenges wc face, globally or in the United States, carmot be met by 
addressing only the supply side. It is also important for all of us to realize that the most 
readily accessible source of new energy is conservation and efficiency. At Chevron, we 
embrace conservation as an important business strategy, and we are in our 1 7”’ year of 
reducing our own energy intensity. Since 1 992, we have increased energy efficiency at 
Chevron by 27 percent. 

And through Chevron Energy Solutions (CES), we are delivering energy 
efficiency projects that benefit federal, state and local governments; the public; and the 
environment. CES has completed over 800 projects involving energy efficiency and 
renewable power in the United States. These projects have accounted for over $1 billion 
in energy and operational savings, with a nearly 30 percent savings on average per 
project. 


Chevron Energy Solutions has implemented energy efficiency, energy 
management and related energy improvements at government facilities across the United 
States. These projects include U.S. military bases such as: Beale Air Force Base, 
California; Department of the Navy, Marine Corps Logistics Base, Georgia; Department 
of the Army, Picatirmy Arsenal, New Jersey; and the Department of the Army, Corpus 
Christi Army Depot, Texas. CES also has developed energy efficiency, solar power and 
clean energy projects for the U.S. Postal Service, including its Processing and 
Distribution Center in Oakland, California, and Mail Processing Facility in San 
Francisco, California. Another California solar project at Contra Costa Community 
College near San Francisco is the largest of its kind at an institution for higher learning in 
North America. The project will generate 3.2 megawatts of solar power and will save the 
college $70 million in energy costs over the next 25 years. 

The National Petroleum Council Study: Urgent action is needed 

The committee has asked what we recommend both industry and Congress can do 
to help consumers address the challenges from high-energy prices. There is no single or 
short-term solution to satisfy the world’s growing appetite for energy — or to prevent the 
United States from being affected by the global energy dynamic. 

We need a range of realistic solutions, and we need them at scale. 
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We literally need all the energy we can develop. This includes oil, natural gas, 
coal and nuclear power. It also includes renewables. And, just as important, it includes 
energy efficiency. The U.S. Energy Information Agency forecasts that over the next 25 
years oil, coal and natural gas will provide roughly the same 86 percent of the world’s 
total energy mix as they do today, and renewables will be an important component in our 
energy mix. The energy industry and other parties are making investments in all these 
areas, and it is important that they continue. All are needed to provide important 
additions to our energy supply portfolio. And all will play an important role in meeting 
increased energy demand. We believe it is not productive to impose additional punitive 
taxes on companies such as Chevron at a time when investments are needed in all forms 
of energy to meet growing demands at home and abroad. 

At a time when more supply is needed, the United States has been reluctant to 
access some of its own resources. Chevron and others have been talking about the 
constrained supply-demand dynamic for the last several years, urging greater access to 
U.S. resources, onshore and offshore — especially given the time it takes for projects to 
come onstream. Instead, we have been increasing our demand on exporting countries 
because of policy decisions made here at home. Any serious measures toward energy 
security must seek to reverse this equation. As the world’s largest consumer of energy, 
actions we ask of other producers must be matched at home. 

Energy underpins every aspect of our society and our growing economy. The 
scale and breadth of the U.S. energy system is unsurpassed in the world, as is our energy 
demand. A sustained, reliable supply is essential, and that is achieved by bolstering 
supplies and moderating demand. The Energy Independence and Security Act of 2007 
had important measures to moderate demand. However, it missed taking the additional 
step we believe is also urgently needed — improved access to off-limits oil and natural 
gas resources that we will need 10, 20 and 30 years from now. 

Last summer, the National Petroleum Council (NPC) issued a sobering study 
called “Facing the Hard Truths About Energy,” which outlines a comprehensive, 
integrated approach to U.S. energy security. The NPC study is a broad-based consensus 
effort representing the views of an impressive range of experts and stakeholders. Input 
was sought from more than 1,000 other stakeholders, in the U.S. and abroad; there were 
350 participants with backgrounds in all aspects of energy including efficiency, 
economics, geopolitics and environment; 65 percent of participants were from outside the 
oil and gas industry, including nongovernmental organizations, academia, government, 
environmental and financial. 

The NPC study highlights the need for an integrated national strategy given 
accumulating risks to the supply of reliable, affordable energy. The study highlights a 
number of “hard truths”: 

• Coal, oil, and natural gas will remain indispensable to meeting total projected 

energy demand growth. 
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• The world is not running out of energy resources, but there are accumulating risks 
to continuing expansion of oil and natural gas production from the conventional 
sources relied upon historically. These risks create significant challenges to 
meeting projected energy demand. 

• To mitigate these risks, expansion of all economic energy sources will be 
required, including coal, nuclear, renewables, and unconventional oil and natural 
gas. Each of these sources faces significant challenges — including safety, 
environmental, political, or economic hurdles — and imposes infrastructure 
requirements for development and delivery. 

• “Energy independence” should not be confused with strengthening energy 
security. The concept of energy independence is not realistic in the foreseeable 
future, whereas, U.S. energy security can be enhanced by moderating demand, 
expanding and diversifying domestic energy supplies, and strengthening global 
energy trade and investment. There can be no U.S. energy security without global 
energy security. 

• A majority of the U.S. energy sector workforce, including skilled scientists and 
engineers, is eligible to retire within the next decade. The workforce must be 
replenished and trained. 

• Policies aimed at curbing CO 2 emissions will alter the energy mix, increase 
energy-related costs and require reductions in demand growth. 

The NPC study sets forth five core strategies to assist markets in meeting the energy 
challenges to 2030 and beyond. The United States must: 

1. Moderate the growing demand for energy by increasing efficiency of 
transportation, residential, commercial and industrial uses. 

2. Expand and diversify production from clean coal, nuclear, biomass, other 
renewables, and unconventional oil and natural gas; moderate the decline of 
conventional oil and natural gas production; and increase access for development 
of new resources. 

3. Integrate energy policy into trade, economic, environmental, security, foreign 
policies; strengthen global energy trade and investment; and broaden dialogue 
with both producing and consuming nations to improve global energy security. 

4. Enhance science and engineering capabilities and create long-term opportunities 
for research and development in all phases of the energy supply and demand 
system. 

5. Develop the legal framework to enable carbon capture and sequestration (CCS). 

In addition, as policymakers consider options to reduce CO 2 emissions, provide 
an effective global framework for carbon management, including establishment of 
a transparent, predictable, economywide cost for CO 2 emissions. 
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The study further recommended that markets should be relied upon wherever 
possible to produce efficient solutions. Where markets need to be bolstered, policies 
should be implemented with care and consideration of possible unintended consequences. 

The study is a catalyst for action. And action is needed now on all of the 
recommendations. 

Changing our conventional wisdom on energy 

Mr. Chairman, you asked me to address the issue of what measures can be taken 
to help the consumer deal with these rising energy prices and promote the use of 
alternatives. Let me reiterate that the NPC study has given us sound, sensible and 
achievable solutions. To successfully implement these recommendations we need to 
change our conventional wisdom about energy development and its use. 

First, we need to value energy as a precious resource. Energy efficiency is the 
most immediate and important action that each of us can take to contribute to rising 
energy prices. The United States must become a nation of energy savers. In short we 
need a “Made in America” solution enabled by everything from human ingenuity, to 
“smart” buildings, to advanced vehicles and transportation systems. Increased energy 
efficiency and conservation will help reduce demand for energy and will reduce pressures 
on the system. Markets are indicating U.S. consumers are already taking action. You 
and your committee have a critical role to play to engage the U.S. public and put the 
United States at the forefront of responsible energy use. 

Second, I would urge you to be sensitive to the issue of scale and timeframe. I 
hope that I have been able to demonstrate Chevron’s commitment to the development of 
alternative sources of energy. This is an ambitious undertaking and one that we are 
embracing. But the scale of the energy system means that despite our combined efforts, 
renewables will meet less than 10 percent of demand in 2030, according to EIA 
estimates. We must continue to bring traditional energy supplies to market, even as we 
are developing alternatives sources of energy. 

Third, on the supply side, we need your help to open up the 85 percent of the 
Outer Continental Shelf that is now off limits to environmentally responsible oil and gas 
exploration and development. We cannot expect other countries to expand their resource 
development to meet America’s needs when our government limits development at home. 

Finally, I would encourage careful evaluation of policies that can lead to 
unintended consequences and create inefficiencies in the gasoline supply system. Today 
we have 1 7 “boutique” fuel requirements across the country, requiring us to blend unique 
gasoline products for different states and different localities. More requirements on fuels 
are being added through renewable fuel mandates and proposed climate policies. For 
example, we are under a mandate to include rising levels of corn-based ethanol in our 
gasoline products and, over time, add significant quantities of celluosic ethanol. At the 
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same time that we are aeeommodating these new mandates, policymakers have proposed 
legislation to reduee greenhouse gas emissions that again is focused very heavily on the 
transportation fuels sector. We urge you and your colleagues to reflect on how to 
advance these important national policies without inadvertently disrupting our ability to 
provide the gasoline and transportation fuels that the United States needs at prices that are 
affordable. Rationalization of these multiple requirements will create greater efficiencies 
in the fuel supply system. 

How wc as a country deal with our energy future is nothing less than an urgent 
matter of our energy and economic security. Energy is vital to our nation’s economic 
health. As such, a reliable, efficient and affordable energy supply system is a policy 
imperative. Realistic solutions must balance economic, environmental and security 
goals. Ultimately, polices should recognize the /nferdependence of the United States 
within the global energy system, while at the same time capitalizing on our country’s 
own extensive energy endowment. These are not insignificant challenges, and they will 
require leadership and collaboration. We look forward to working with you to address 
these challenges. 

Chevron will continue to do its part. 

Thank you. 
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The Chairman. Thank you, Mr. Robertson. 

Our next witness is John Lowe. He is the Executive Vice Presi- 
dent of ConocoPhillips. Over the last eight years he has held the 
multiple senior level positions with that company. 

We welcome you sir. Whenever you are ready, please begin. 

STATEMENT OF JOHN LOWE 

Mr. Lowe. Thank you. 

Good afternoon, Mr. Chairman. We appreciate the opportunity to 
come before the Committee to discuss our alternative fuels invest- 
ments, as well as our investments to meet current energy needs. 

ConocoPhillips favors developing all forms of energy, conven- 
tional, renewable, and alternative. However, we recognize that 
even with aggressive implementation of alternative energy, most 
sources estimate that fossil fuels must still supply two-thirds of 
world energy in 2030. We cannot attain an alternative energy fu- 
ture in a few short decades. Global energy demand is too high. 
Technological development and infrastructure construction take too 
long, and the cost would be too great. 

This makes it essential that we build the political will to utilize 
our fossil fuel resources. We must also develop the ability to use 
them in cleaner forms, and we must disavow the misconception 
that alternative sources can quickly and easily assume the energy 
burden. 

ConocoPhillips is already preparing for the future. Our reinvest- 
ments into our business continue exceeding our income. We earned 
$12 billion in 2007, but reinvested $13 billion, and we have over 
$15 billion in investments planned for 2008. 

In North America, we are spending billions of dollars to expand 
supplies by developing the Canadian oil sands and building infra- 
structure to transport the oil to the U.S. In pursuit of natural gas, 
we are conducting major drilling programs and building pipelines 
in two LEG re-gas terminals. 

Downstream we are increasing our refining capacity and ability 
to produce cleaner fuels. 

You have also asked us to describe our efforts in renewable and 
alternative energy. Although these are currently not part of our 
core businesses, ethanol represents five percent of our U.S. gasoline 
volumes, making us one of the nation’s largest ethanol blenders 
and users. 

We are test marketing E85 and biodiesel. We have produced re- 
newable diesel fuel. We are working to develop biofuels from agri- 
cultural waste. We are funding university research into the next 
generation of renewable fuels like cellulosic ethanol. 

We are evaluating opportunities to invest in solar, wind and geo- 
thermal power. To make electric vehicles more practical, we are de- 
veloping better materials for lithium ion batteries and to transform 
coal and petroleum coke into clean burning synthetic natural gas, 
we have developed proprietary technology and have two multi-bil- 
lion dollar projects planned. 

This Subcommittee is also charged with addressing climate 
change. ConocoPhillips favors congressional enactment of a manda- 
tory framework to reduce carbon emissions, and we are actively re- 
searching potential carbon capture and storage. These efforts show 
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what can be achieved by the industry’s technical, financial, and 
human resources. 

Our capabilities must not be undermined by punitive tax meas- 
ures or counterproductive policies like those that threaten our co- 
venture with Tyson Foods. Two years ago we formed a unique rela- 
tionship with Tyson to develop a new technology to produce renew- 
able diesel from byproduct animal fats. Unlike most biofuels, our 
product can be transported by pipeline. 

Congress enacted an incentive for the feedstock, but the House 
is attempting to deny us equal treatment in utilizing this incentive, 
which is afforded to all other biodiesels. This would make our tech- 
nology uncompetitive. 

If Congress intends to encourage meaningful alternative fuels de- 
velopment, it is critical that all related tax policies and mandates 
be feedstock and technology neutral, and that R&D efforts not be 
undermined. The market should decide which technologies go for- 
ward. 

Hopefully, government and industry can move beyond today’s all 
too often adversarial relationship. There is much we can do to- 
gether to increase supplies, encourage efficiency, develop alter- 
natives, and address climate change. But have no doubt. The U.S. 
is engaged in a global race. Other countries are working coopera- 
tively with their energy industries to secure new supplies. Unless 
our domestic companies are allowed to compete on level ground, we 
run the risk of marginalizing U.S. oil and gas industry and ulti- 
mately undermining U.S. energy supply. 

Mr. Chairman, this concludes my statement. Thank you. 

[The statement of Mr. Lowe follows:] 
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Introduction 


Good morning, Mr. Chairman and Members of the Select Committee on Energy 
Independence and Global Warming. My name is John Lowe, and I am executive vice 
president of Exploration and Production for ConocoPhillips. In that capacity, I am 
responsible for worldwide oil and natural gas exploration, development and production 
for the company. 

ConocoPhillips appreciates the invitation to testify about the present energy situation 
facing the United States and the world, as well as our activities to encourage increased 
supplies of alternative and renewable energy. We share your and the American public’s 
concerns about high consumer energy prices and welcome the opportunity to discuss our 
own efforts to develop new energy sources that will improve the nation’s energy security, 
as well as what we believe the government should do to facilitate the process. 

Let me begin by briefly describing ConocoPhillips. We arc an international, integrated 
energy company, headquartered in Houston, Texas and operating in nearly 40 countries. 
Among U.S. -based companies, we are the third-largest integrated energy company based 
on market capitalization, the second largest domestic refiner, and a leading natural gas 
producer. In 2007, we had annualized revenues of $187 billion, assets of $178 billion and 
approximately 32,600 employees at year-end. 

As you requested, my testimony here today will address the following subjects: 

• ConocoPhillips’ activities in alternative and unconventional fuels, 

• ConocoPhillips’ activities to increase U.S. conventional oil and gas supply, 

• Energy industry trends, and 

• The path to a sound energy policy. 

However, before I get to these topics I would like to discuss the need for cooperation 
between government and industry in forging solutions to our energy challenges. 
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Need for Cooperation Between Government and Industry 

The United States faces some daunting energy challenges - improving the security and 
affordability of energy supplies, while also reducing the environmental footprint of the 
nation’s energy use, including reducing greenhouse gas emissions. Responding 
effectively to these challenges will require unprecedented cooperation between 
government and industry. ConocoPhillips is eager to do our part on both fronts. We will 
describe today the substantial investments we are making to develop new energy supplies 
and our support of mandatory regulation of carbon. We believe that a regulatory 
framework and carbon avoidance price is needed to allow our company and others to 
make investments in improving efficieney, in developing low-carbon energy sources and 
in capturing and storing carbon dioxide from fossil fuels. In support of this belief, we 
joined the U.S. Climate Action Partnership to call upon government leaders to enact a 
workable architecture for a mandatory national carbon cap and trade program with 
international ties. 

While we are optimistic about what industry and government could accomplish 
collaboratively, we must share our frustration with the present state of affairs. We are 
hopeful that, through dialogues such as today’s, our industry and the government can 
forge a better working relationship that will be essential in enabling America to address 
its energy needs, as other countries around the world are doing. We acknowledge that the 
industry has not done a good job of educating the public or Congress about our business 
in the past. Because of this oversight on our part, many policies emanating from Capitol 
Hill do not reflect how global energy markets actually function, and therefore will not 
improve the situation. These shortcomings must change so that together, we may progress 
toward improving U.S. energy supply security on behalf of consumers. For our part, 
ConocoPhillips has stepped up our public outreach efforts on energy issues in recent 
years. For example, last year our executives held “conversations on energy” with 
community leaders in 35 cities across the United States to discuss energy issues and 
solutions. 
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Unfortunately, at a time when the world needs more energy, rising worldwide resource 
nationalism in other countries and limited domestic access to resources here at home are 
impeding our industry’s crucial efforts to replace current production with new reserves. 

In other countries, governments work closely with their domestic energy industry to 
assure access to resources and build critical energy infrastructure. 

We must point out that as our nation develops policies to increase supplies of renewable 
and alternative energy supplies, we must not overlook the vital need to also encourage the 
development of conventional supplies of oil and natural gas. To focus strictly on one and 
not on both, is certain to create supply problems in the near future. As Congress 
periodically debated the architecture of a national energy policy, the industry has 
consistently stressed the need for more resource access. Gaining this access is, in fact, 
critical to lowering energy prices. Yet, domestic access restrictions are increasing. To 
illustrate this point, during the most recent energy bill debate, the House of 
Representatives voted to ban drilling in Colorado’s Roan Plateau Basin, a potentially 
prolific natural gas producing area, further decreasing the areas of the U.S. accessible to 
resource development. Development of domestic natural gas offers the dual benefits of 
improving U.S. energy security and lowering carbon dioxide emissions. We cannot see a 
viable policy solution to either challenge without an increased role for domestic natural 
gas. 

Additionally, we have had many discussions on Capitol Hill in which our industry was 
urged to build new domestic refineries or expand existing facilities. Yet today, we face 
state and local government roadblocks that often delay planned refinery expansions, 
along with an uncertain regulatory climate, which increases the cost of producing more 
clean-fuel products and of processing the more difficult crude oils that increasingly 
constitute available supplies. In cases where infrastructure is clearly needed to serve the 
national interest. Congress should expedite federal and state permitting processes to 
ensure there is a balance between federal, state and local, and special interests. We also 
find that investors are confused about whether the industry’s efforts to expand refining 
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capacity actually conflict with the many other Congressional policies calling for reduced 
dependence on oil. 

ConocoPhillips strongly favors rapid development of alternative sources, but there are 
many challenges that must be overcome before these alternatives are commercially 
viable. For example, the National Petroleum Council recently reported that potential 
obstacles to wider use of renewable fuels include the need for “expanding rail, waterway, 
and pipeline transportation; scaling up ethanol production plants and distribution systems; 
developing successful cellulosic ethanol conversion technology; and maximizing the 
potential of arable land.”' With potential advances in technology and infrastructure 
improvements, these obstacles can be overcome, but we must realize that alternatives 
cannot be developed overnight and that our dependence on conventional resources will 
continue into the foreseeable future. Overestimating how quickly the United States can 
transition to new fuels will likely lead to inadequate development of conventional 
supplies and higher prices at the pump. 

Most energy demand projections indicate that even with rapid penetration of alternative- 
energy technologies, accompanied by substantial reductions in carbon dioxide emissions, 
fossil fuels must still supply at least two-thirds of global energy by 2030;^ Indeed, there is 
an apparent misunderstanding of the enormous scale of fossil-fuel use - for example, the 
world currently consumes 86 million barrels per day of oil - or 40,000 gallons per 
second. There is also a lack of understanding of the enormous scale of existing 
infrastructure or the ongoing investment required merely to maintain existing production. 
For example, the United States has 200,000 miles of oil pipelines and 280,000 miles of 
natural gas pipelines that required a century of construction.^ Oil and natural gas must 
serve as important bridge fuels as we move toward alternative sources. If the United 
States is to improve its energy security. Congress must ensure that the nation has 
sufficient conventional oil and gas supplies, even as it works to develop alternative 
energy supplies. Figure 1 below shows how much oil production will need to be added to 

' National Petroleum Council, “Facing the Hard Truths about Energy,” 2007, page 21 
■ International Energy Agency, “World Energy Outlook 2007” 

^ National Petroleum Council, “Facing the Hard Truths about Energy,” 2007, page 12 
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replace the decline in existing conventional oil production and expand supplies. It will 
take unprecedented investment to achieve the production levels required to satisfy global 
oil demand. In fact, the International Energy Agency estimates that through 2030, nearly 
$10 trillion of investments in oil and natural gas exploration and production, refining, 
transportation and infrastructure will be required, averaging about $400 billion annually.'’ 

Figure I 

Oil Supply Challenge 

Million Barrels per Day 
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The Committee has asked us to address the question of what ConocoPhillips is doing to 
develop alternative fuels. We believe that it is critical for the nation and our company to 
diversify into alternative energy sources and support efforts to that end. Over two years 
ago, Tyson Foods and ConocoPhillips began discussions that led to an unusual 
relationship between the two companies. We developed a process that married l yson’s 
technologies in dealing with by-product animal fats and greases with our refining know- 
how, to produce a clean, renewable diesel fuel that, unlike other biodiesel fuels, can be 
transported via pipelines. We were excited about this new venture and have been told by 
many lawmakers it represents the very kind of partnership and innovation that is needed 
to advance alternatives and reduce dependence on imported oil. Yet today, we find that 
partnership very much in question due to legislation passed in the House that denies us 

■’ International Energy Agency, “World Energy Outlook 2007,” page 95 
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the same blending tax treatment provided to all other renewable and biodiesel producers. 
We cannot compete in a market where a few competitors are singled out for 
discriminatory treatment. Policies that encourage alternative fuel growth must be 
technology and feedstock neutral. To do otherwise will surely limit the growth of 
alternative fuels in this country. 

We are also concerned that recent Congressional tax proposals would reduce funds 
available to invest in developing new energy supplies and impede the ability of American 
companies to compete in the global marketplace for resources. This would further tighten 
the energy market - the opposite of Congress’ intent. This nation already learned this 
lesson from the windfall profits tax imposed on the domestic oil industry between 1980 
and 1988. According to the Congressional Research Service, this tax reduced domestic 
oil production by as much as 6 percent and increased oil imports by as much as 16 
percent.^ 

Some tax proposals would target only a handful of the integrated major energy 
companies - a patently unfair approach that does not acknowledge that these companies 
already pay their fair share of taxes. In a recent survey of 80 diverse American 
companies, ConocoPhillips’ effective tax rate between 2004 and 2006 of 43.6 percent 
was the highest, about 14 percent higher than the average.^ Income taxes paid by 
domestic energy producers have already increased by 460 percent between 2002 and 
2005.^ Income taxes are only one of the ways we contribute to government revenues. We 
also pay royalties, production and excise taxes, and lease bonuses, which are paid 
whether you discover hydrocarbons or have a dry hole. When you take all these other 
forms of government payment into account, our effective tax rates are much higher. For 
example, our incremental fiscal government take rate in Alaska is about 85 percent at 
current prices. 


^ U.S. Congressional Research Service, “The Windfall Profits Tax on Crude Oil: Overview of the Issues,” 
September 12, 1 990, page 2 

Martin A, Sullivan, “Reported Corporate Effective Tax Rates Down Since Late 1 990s,” Tax Notes, 
February 25, 2008 

’ U.S. Department of Energy, Energy Information Administration, “Performance Profiles of Major Energy 
Producers 2006,” Table Bi2 ($14.5 billion in 2002 to $81.5 billion in 2006) 
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We must change the current adversarial relationship between industry and government in 
order to accomplish either goal of improving energy security or reducing the risk of 
climate change. We have some suggestions on policies that could be enacted to help 
achieve these goals and will share them later in this testimony. 

ConocoPhillips’ Activities in Alternative and Unconventional Fuels 

Renewable energy 

ConocoPhillips is already a large blender of conventional ethanol in the United States. 

As the nation’s second-largest refiner and fuels producer, we are thus a large blender of 
ethanol into fuels. In 2007, our marketers in the United States sold about 425 million 
gallons of ethanol, equivalent to a nationwide blend rate of 4.7 percent. Additionally, we 
are rapidly expanding our U S. ethanol blending capabilities. We have expanded 
capability for blending ethanol to 95 terminals this year and are evaluating additional 
expansions. We are selectively adding biodiesel blending capabilities, although this fuel 
is currently priced higher than petroleum-based diesel fuel, and the economics of 
blending are challenged. 

We are test marketing unbranded E-85 under our branded canopy in a number of states 
with over 2,500 potential sites, provided the marketer meets certain image, safety and 
fuel-quality guidelines. Results from our test are pending; but industry data has shown 
that the consumer response to E-85 to date has not been very good. Many retailers who 
have installed E-85 dispensers report iasufficient consumer demand to justify the expense 
of the conversion. The problem is that there aren’t enough vehicles with flexible fuel 
capability today (only about 3 percent of the U.S. passenger fleet), and consumers who 
own flexible fuel vehicles are often unaware of it. In addition, consumers are concerned 
about the roughly 25-percent reduction in gas mileage using E-85 versus conventional 
gasoline. 
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ConocoPhillips is also test marketing biodiesel, allowing under-the-canopy sales of 
unbranded B1 1 in Illinois and of branded B5 in many farm states, again provided that the 
marketer meets specific image, safety and fuel-quality guidelines. Over 800 branded sites 
could potentially pilot market biodiesel in five states. 

The company is also engaged in development and production of new biofuels that have a 
better environmental footprint than existing sources. We currently produce renewable 
diesel fuel at our Whitegate refinery in Ireland using vegetable oils as a feedstock and are 
test manufacturing the process at our Borger refinery in Texas as part of our arrangement 
with Tyson Foods to utilize by-product animal fat as a feedstock. Our process produces 
diesel fuel that does not have the same performance and transportation issues as 
biodiesel. The technology is performing well, but the economics are threatened by rising 
raw material costs and the prospective loss of the previously-mentioned federal tax 
credits that are available to competing biomass-based diesel fuels. We are prepared to 
spend S50 million this year to expand production if the technology is economically 
viable. 

ConocoPhillips conducts or funds internal and external research on new biomass fuels 
and has a joint development agreement with Archer Daniels Midland to develop fuels 
from agricultural waste. This effort could enable biomass to become a refinery feedstock 
that yields market-compatible fuels. We also have a major relationship with Iowa State 
University to research all phases of biofuels. In addition to funding new advanced 
biomass pathways, our eight-year $22.5 million grant will fund research to understand 
and support environmental sustainability, crop improvement and production, harvesting 
and transportation and the impact of biofuels on economic policy and rural sociology. We 
are also a founding member of the Colorado Center for Biorefining and Biofuels, a 
cooperative research and educational center devoted to the conversion of biomass to fuels 
and other products. 

Further, ConocoPhillips has created an internal group dedicated to evaluating 
opportunities to invest in solar, wind and geothermal projects. We have also committed 
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$350,000 to Virginia Tech University as the primary corporate sponsor of a solar- 
powered home that will showcase advanced residential solar and energy efficiency 
products. This home will be entered into a national competition in Washington, D.C. next 
year. 

Alternative automotive technology 

ConocoPhillips has participated in the FreedomCAR and Fuel Partnership with the U.S. 
Department of Energy, automobile manufacturers and other fuel providers since 2003. 

We have played a lead role in several committees and participate in four out of the five 
technical teams, including the teams for hydrogen production, storage and delivery. 

We are also working to facilitate wider use of electric vehicles by developing high- 
performance materials for lithium-ion batteries, a critical component in these vehicles. 
Performance of the cathode and anode parts determines overall battery performance, and 
ConocoPhillips CPreme® graphites are the highest-performing anode materials currently 
available for lithium-ion batteries. We currently supply anode material in small lots, but 
are rapidly scaling up to meet growing transportation demand. Using the technology 
platform for the anode material, we are also developing high-performance cathode 
material to help reduce the cost of batteries, while meeting demanding automotive- 
industry performance standards. This product will soon be available for testing by battery 
manufacturers. 

Gasification and combined heat and power 

ConocoPhillips’ E-Gas^''^ technology is a leading, commercially proven gasification 
technique. We are developing projects based on this technology and licensing it to others 
to utilize in producing synthetic natural gas, electrical power and a variety of chemicals. 
Syngas can replace increasingly expensive oil or natural gas-based fuels and feedstocks 
currently supplying manufacturing plants, and may thus help sustain their financial 
viability and employment base. Further, a coal-to-synthetic natural gas plant with carbon 
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capture and storage can feed a conventional gas-based power plant, yielding about half 
the carbon dioxide emissions of a conventional coal-based power plant. In addition, 
integrated gasification combined cycle (IGCC) power plants based on E-Gas’^'''' 
technology offer an environmentally superior way to produce electrical power from 
domestic coal and petroleum coke resources. 

Our two major E-Gas’^'^ equity gasification projects could be on line by 2014, at total 
expected gross capital costs of up to $7 billion. One, a joint venture with Peabody Energy 
to develop a coal-to-substitute-natural-gas facility in Western Kentucky, would produce 
up to 70 billion cubic feet per year or 1.5 trillion cubic feet in 30 years - equivalent to a 
very large natural gas field. In the second, ConocoPhillips is developing a petroleum coke 
gasification project at our Sweeny refinery on the Texas Gulf Coast. It will utilize 5,000 
tons per day of petroleum coke. Its location provides multiple options for product 
integration. The resulting carbon dioxide production of 10 million metric tons annually 
from these two projects could be utilized in enhanced oil recovery operations or sent to 
storage. Here again, we need government’s help in establishing a conducive legal and 
regulatory framework to address carbon, capture and storage. 

ConocoPhillips believes that wider use of combined heat and power facilities is an 
important part of the solution to conserve fuel and reduce carbon dioxide emissions. We 
operate about 2,000 megawatts of electricity generation capacity using this technology 
and have encouraged third parties to build such capability at four other ConocoPhillips 
facilities. 

Heavy oil and unconventional oil and natural gas 

ConocoPhillips is presently undertaking significant research to improve the recovery of 
heavy oil and unconventional oil, such as oil shale, and improve energy efficiency 
throughout the production, transportation and processing value chain. We are also 
undertaking research and development focused on reducing our environmental footprint 
in terms of greenhouse gas emissions, water and land use. 
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Other areas of focus for our research and development efforts include improving recovery 
of challenged natural gas and developing methods to commercially produce methane 
hydrates. 

Carbon dioxide capture and storage and water usage 

ConocoPhillips believes that development of carbon capture and storage (CCS) 
technology is essential, in that, it will improve the environmental acceptability of 
available fossil fuel resources. The company funds internal research as well as university 
research programs in the United States, Canada, Australia, Norway and the United 
Kingdom that are investigating CCS technology and how it can be customized to meet 
our industry’s needs and the needs of our specific sites. 

We are in the planning phases for selecting several possible CCS sites in the United 
States and other countries. To facilitate this effort, we have allocated personnel in the 
geosciences, reservoir engineering and other specialties to analyze seismic and 
engineering data to select the most appropriate sites and develop understanding of the 
basin containment mechanisms and optimum storage sizes. 

ConocoPhillips is also engaged in a number of research projects with the U.S. 

Department of Energy (DOE). We are operator of a scientific test of potential carbon 
dioxide (CO 2 ) injection rates into the major coal formations of the San Juan Basin. We 
expect to soon receive DOE’s authorization to commence drilling and injection. We are 
also actively engaged with two other DOE regional partnerships - WestCarb and the 
Midwest Geological Sequestration Consortium. We are a partner in the CO 2 Capture 
Project 2, a research consortium operated and funded by eight major energy companies, 
the European Union, Norway, and DOE. The consortium reviewed 250 research 
proposals and has focused on the most likely to succeed, conducting more than $60 
million in research projects to develop understanding of surface capture, subsurface 
storage applications, and methods to monitor and verify storage. The program is working 
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to make CCS more affordable, secure and technically viable. We are active at the 
executive board and scientific levels. 

ConocoPhillips is also active in these international research consortia: 

• CACHET - Partly funded by the European Union and 28 international 
members, this consortium focuses on capture technology. 

• International Energy Agency (lEA) Greenhouse Gas R&D Programme - 
We are a funding member and serve on the board. 

• CO 2 CRC - The Cooperative Research Centre for Greenhouse Gas 
Technologies (Australia) is one of the world's leading collaborative 
research organizations focused on carbon dioxide capture and geological 
storage (geosequestration). 

• COiReMoVe (European Union) - This is a $20 million project for carbon 
dioxide monitoring technologies in the subsurface. 

As for other carbon emissions reduction solutions, we understand the major point sources 
of emissions in our operations and have analyzed and ranked potential mitigation 
projects. Projects to improve energy efficiency and eliminate fugitive emissions are 
already underway. A cost for avoiding carbon is also considered in our evaluation of 
major new projects. 

ConocoPhillips believes that reducing the footprint of energy production on water 
resources will help improve the sustainability of both conventional and alternative energy 
sources. We are measuring our freshwater usage and developing detailed water 
assessments of selected business units, bringing greater focus to water management as a 
fundamental component of business planning. We recently announced the establishment 
of the Qatar Water Sustainability Center, with the long-term vision that it will become a 
corporate center of excellence for water-related technologies. We have hired a world- 
class membrane expert to lead our technology development and application efforts at this 
center, which will be additive to technology work under way in our existing Oklahoma 
laboratories. In the North Sea, we have in.stalled new treatment technologies to 
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substantially reduce the hydrocarbon component of water discharged to the ocean. 
ConocoPhillips Canada is planning to recycle 95 percent of the water utilized in its 
steam-assisted gravity drainage for heavy oil in-situ operations. 

Activities to Increase U.S. Conventional Oil and Gas Supply 


Fossil fuels will continue to provide an important bridge to the time when alternative 
energy sources are available in significant quantities. This bridge is likely to be necessary 
for decades given the scale of the world’s eurrent energy consumption and the massive 
infrastructure investment and construction that would be needed to replace existing 
energy infrastructure. Thus, it is important that the energy industry retain the capability 
and opportunity to invest sufficient capital in economically attractive traditional oil and 
gas opportunities in order to continue meeting U.S. and global energy demand. 

Upstream investment and exploration 

ConocoPhillips has significant investments planned to develop oil and natural gas 
resources in North America. In 2008, we will spend more than $6 billion in North 
America, with two-thirds of that amount in the United States. 

North America is a key exploration focus area for ConocoPhillips. We predominantly 
operate in large resource plays onshore and the deepwater trend in the Gulf of Mexico 
offshore. In the Arctic we have exploration acreage in the Chukchi Sea, Mackenzie Delta 
area and Canadian arctic islands. In fact, we are planning on spending more than $890 
million this year alone for our high bids in Gulf of Mexico and Chukchi Sea lease sales. 

We are also conducting considerable research and development to improve recovery rates 
from existing resources, which could add considerably to the resource base. For example, 
we are developing and deploying improved seismic acquisition, processing and 
interpretation techniques to increase recovery from existing assets - such as through 
improved well placement that accesses new resources that were previously difficult to 
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image. Another example is our research into the next generation of improved/enhanced 
oil recovery techniques (e.g., nano-technology and enhanced water flooding). A third 
example is applying alternative techniques to facilitate cost-effective drilling in 
challenged resource plays, thus improving access and recovery. Among the techniques 
used are new mobile drilling rigs in the Barnett shale trend and horizontal wells in coal 
bed methane trends. 

Heavy oil 

The Canadian oil sands are projected to become an increasingly important source of oil 
for the United States, particularly considering recent declines in heavy oil production in 
Mexico, Venezuela and California. The Canadian oil sands are projected to approach 20 
percent of U.S. oil supplies by 2020.* 

ConocoPhillips has a leading land position in the Canadian Athabasca oil sands and is 
actively investing to produce this oil, and then transport it to the United States for 
processing at our refineries. We have access to over 15 billion barrels of net potential oil 
resources, and plans are in place to increase our net production to about 400,000 barrels 
per day over the next decade. In 2008 alone, we are spending $900 million in 
development capital on the Canadian oil sands. 

ConocoPhillips is also spending significantly on technology to improve heavy oil output 
and reduce the resulting environmental and carbon footprint. For example, 
ConocoPhillips Canada is a member of the Integrated COz Network, an industry and 
government consortium researching development of pipeline infrastructure to transport 
carbon dioxide from oil sands development sites to locations where it can be used in 
enhanced oil recovery, or potentially sequestered below ground. We have also invested in 
research and development projects that study alternate recovery technologies, which 
reduce both our energy requirements and carbon footprint. 


® Purvin and Gertz ( 1 8..S%) 
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ConocoPhillips also has a 50 percent interest in developing the 2,148-niile Keystone oil 
pipeline, which will transport additional Canadian crude oil to the United States. The 
pipeline will have an initial nominal capacity of 435,000 barrels per day in late 2009 and 
will be expanded to a nominal capacity of 590,000 barrels per day in late 2010. 

We are working to expand the Wood River refinery (a 50 percent joint venture with 
EnCana) in Illinois to enable it to utilize additional volumes from the Canadian oil sands. 
This expansion will increase Wood River’s crude inputs by 54,000 barrels per day and 
increase the yield of total clean-fuel refined products by 80,000 barrels per day. This 
proposed expansion has been delayed by a pending appeal of a permit that was previously 
granted for the project by the Illinois Environmental Protection Agency. 

Natural gas 

ConocoPhillips was the leading natural gas producer in the United States in 2007, 
producing about 2,3 billion cubic feet per day (or enough to fuel over 10 million homes 
in the United States). ConocoPhillips has a significant domestic natural gas resource base 
(about 12.6 trillion cubic feet of proved gas reserves), and is actively adding acreage in 
large resource plays and exploring for additional supplies. For example, we plan to drill 
more than 200 exploration wells onshore in North America during 2008. 

We are also investing to improve our natural gas delivery capabilities. We have a 25 
percent ownership position in the Rockies Express pipeline, which was recently built to 
move trapped Rockies natural gas to Midwest and East Coast markets. The pipeline’s 
western segment is projected to reach Missouri shortly, and the eastern segment is 
projected to reach the Ohio terminus in January 2009, reaching full capacity at 1.8 billion 
cubic feet per day in June 2009. We also have invested in liquefied natural gas (LNG) 
regasification facilities on the Gulf Coast in order to provide a potential outlet for LNG 
supplies we are developing around the world. 
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Natural gas is an important bridge fuel to a low carbon world since it is the most 
greenhouse gas-friendly fossil fuel. 

Arctic activities 

ConocoPhillips is Alaska’s largest oil and natural gas producer, with production of 
300,000 barrels of oil equivalent per day in 2007. 

Alaska holds significant stranded natural gas resources, which if connected to the lower 
48 states, would increase commercially proven U.S. gas reserves by about 17 percent. 
ConocoPhillips has long urged progress on the proposed 4 billion cubic feet per day 
Alaska natural gas pipeline, and we applaud Congress for your bipartisan efforts in 
passing the needed “Enabling Legislation” to progress this project. We are moving 
forward on planning the pipeline and are continuing our dialogue to deliver a project 
acceptable to all stakeholders. In order for this project to advance, close cooperation 
between all resource owners, the State of Alaska and the Canadian and U.S. federal 
governments will ultimately be needed. 

ConocoPhillips is also working with our partners, native groups and the Canadian federal 
government to move the 763-mile Mackenzie Delta gas pipeline project forward. The 1.2 
billion cubic feet per day pipeline project would connect northern onshore gas fields with 
North American markets and provide consumers additional supplies of much needed 
natural gas. 

Refining, marketing and transportation 

In 2008, ConocoPhillips plans to invest $2.8 billion in our global refining, marketing and 
transportation operations. Of that amount, 74 percent will be invested in the United States 
and 69 percent will be invested in refining. 
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Over the next five years (2008-2012), we plan to invest $7.0 - $7.5 billion in our base 
refining, marketing and transportation business, with 80 percent of that spent on 
continued investments in reliability, safety, expansion of clean fuels production and 
emissions reduction. The other 20 percent of that spending will be for projects that 
provide an economic return, such as those intended to improve refinery yield and margin, 
enhance energy efficiency, reduce operating costs or enhance cnide oil advantage or 
product flexibility. Ongoing capital requirements for safety and reliability and to meet all 
regulatory requirements are large, which makes it challenging for the refining industry to 
achieve attractive returns on capital. 

We also plan to spend $6.5 - $7.0 billion over the next five years (2008-2012) on 
strategic investments, which are primarily refinery projects that increase crude capacity, 
clean product yields, or the ability to utilize low-cost crude supply. 

We are targeting a 10 percent reduction in the energy intensity index of our U.S. refining 
system by 2012, as part of a voluntary commitment through the American Petroleum 
Institute to reduce carbon dioxide emissions in the U.S. refining sector. This reduction 
also makes good business sense because, as a large consumer of energy, the refining 
industry has been adversely impacted by higher energy prices in recent years. 


Energy Industry Trends 

Global crude oil prices 

We would like to share our views on why gasoline and diesel fuel prices have increased 
in the United States in recent years. Historical analysis shows that changes in crude oil 
prices explained about 97 percent of the variation in the pre-tax price of gasoline between 
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1918 and 2006,® Figure 2 below shows that gasoline prices have historically moved with 
crude oil prices, primarily because crude oil prices are the largest single cost component 
of refined products. According to the U.S. Department of Energy, in January 2008, cmde 
prices constituted 68 percent of the retail price of a gallon of gasoline.'® 


Figure 2 

Retail Gasoline & World Crude Oil Price 
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Source; U.S Dapartmeritot Energy 
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Crude oil is a global commodity with prices determined by the interaction of thousands of 
buyers and sellers in physical as well as futures markets around the world. Prices set in 
this global market reflect both current and future expected supply and demand. 

One of the biggest drivers of global oil prices has been sustained global economic growth 
since 2004, which led to stronger-than-expected energy demand growth. In fact, real 
growth in global gross domestic product between 2004 and 2007 of nearly 5 percent per 
year was about 40 percent higher than the average growth rate since 1980." Due to this 
economic prosperity, between 2004 and 2007 oil demand grew by 2 percent per year. 


^ Carol Dahl, Colorado School of Mines, “What Goes Down Must Come Up; A Review of the Factors 
Behind Increasing Gasoline Prices, 1999-2006,” April 2007 
U.S. Department of Energy, Energy Information Administration. "Gasoline and Diesel Fuel Update," 
March 10, 2008 based on January 2008 gasoline price ($3,04/gallon) 

' ' International Monetary Fund, “Updated October 2007 World GDP Growth and PPP Weights,” January 
30, 2008 (4.7% average for 2004-2007 vs. 3,3% average from 1980-2007) 
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almost twice the rate experienced from 2000 to 2003. Nearly half of the demand growth 
since 2000 has been in developing Asian nations that have reached a highly energy- 
intensive stage of economic growth. In these nations, rising per-capita income also 
enables a larger proportion of the population to afford affluent lifestyles similar to those 
in the United States. Although responsible for only 12 percent of global oil demand 
growth since 2000, the United States, with just five percent of the world’s population, 
still accounts for 24 percent of global oil demand.'^ 

A second reason for high global cmde oil prices is constraints on expanding conventional 
supplies, in particular, rising resource nationalism that limits access to resources for 
development. Figure 3 below shows that in the 1960s, 85 percent of global oil and natural 
gas reserves were available for direct development by international oil companies, versus 
only 7 percent today. In addition, rising competition for access to the resources that are 
open for development has enabled host governments to dictate fiscal terms that are so 
onerous that publicly traded oil companies cannot economically pursue them. Morgan 
Stanley estimates that the tax rates of major oil companies have increased from about 30 
percent to 45 percent since 2000.'^ hi some cases, governments change fiscal terms after 
investments have been made or increase taxes on existing production, even in mature 
producing areas in otherwise stable countries (Alaska in the United States, and the United 
Kingdom). Such actions can make it uneconomic to invest the capital required to slow 
decline rates in existing fields. 

As mentioned earlier, resource access is also very limited in the United States, where an 
estimated 40 billion barrels of technically recoverable oil resources are either completely 
off limits or subject to significant lease restrictions. Similar restrictions apply to more 
than 250 trillion cubic feet of recoverable natural gas resources. 


'■ International Energy Agency, Armual Statistical Supplement and Monthly Oil Market Report, March 1 1 , 
2008; United Nations for world population 
Morgan Stanley Research, “Integrated Oil,” March 14, 2008, Exhibit 1 7, page 1 1 
National Petroleum Council, “Facing the Hard Truths about Energy," 2007, page 20 
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Source: PFC Energy, Oil 8 Gas Journal, BP Statistical Rsvtow 2007 
Note: Excluclos unconventional cnjtJs oil and bitumen reserves 


Another constraint on supplies is rapid inflation in industry drilling and service costs. An 
upstream capital cost index, published by Cambridge Energy Research Associates, 
indicates that industry capital costs have approximately doubled since 2000, reflecting 
higher costs for materials, equipment and personnel. Driving factors include higher 
industry activity and spending levels, as well as strong demand for materials, equipment 
and people in other sectors of the global economy. Industry costs are also pushed upward 
by limited resource access and depletion of existing lower-cost resources, which force the 
industry to develop higher-cost resources. These may be located in deeper water or more 
remote locations, or may be more unconventional in nature, requiring specialized 
development and refining techniques. It is important to recognize that inflation in capital 
and labor costs is also adversely impacting the economics of alternative energy sources. 

Also pushing crude oil prices upward is the higli geopolitical supply risk attributable to 
the world’s low level of excess oil production capacity and the fact that in several key oil- 
producing countries, political factors often result in constrained production (e.g., Nigeria, 

“ Cambridge Energy Research Associates, “Upstream Capital Co.sts Index,” December 5 , 2007 
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Iraq, Venezuela and Iran). The combination of strong demand growth and the need to 
offset lost production from these countries left the Organization of the Petroleum 
Exporting Countries (OPEC) at year-end 2007 with only 2.5 million barrels per day of 
excess capacity, equal to just 3 percent of global oil demand. This contrasts sharply with 
the greater than 10 million barrels per day of excess capacity that existed in the mid- 
1980s. This lack of spare capacity leaves the world more vulnerable to oil supply 
disruptions caused by political events, storm damage to producing facilities, or 
unforeseen operational problems. 

A final reason for recent increases in crude oil prices is the increasing attractiveness of 
commodities to financial investors. Commodity index funds have been developed to 
provide investors with a financial vehicle to gain commodity price exposure. Investors 
have moved tremendous amounts of capital into these funds in order to seek higher 
returns than stock and bond markets provide, or more recently as a “flight to safety”, 
given their concerns about the credit markets, inflation, the U.S. dollar and the direction 
of stock and bond markets. The funds are disproportionately weighted in energy 
commodities - one popular fund reports over a 70 percent weighting for energy. It is 
likely that the large inflow of capital into the commodity funds is temporarily 
exaggerating upward oil price movements, as well as upwards movements in the prices of 
other commodities (c.g., copper, nickel, silver, gold, wheat). 


U.S. gasoline and diesel fuel prices 

While most of the variation in refined product prices is due to changes in crude oil prices, 
relatively high global refinery capacity utilization rates in recent years have also 
contributed. Like crude oil, refined products also trade on global markets. Figure 4 below 
demonstrates that worldwide wholesale or spot gasoline prices move together. There are 
occasional temporary regional dislocations due to weather conditions or refinery or 
transportation outages. However, additional products tend to rapidly move into the 
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supply-short regions and restore the global equilibrium, provided that geographic 
isolation or specialized product specifications do not interfere with the flow of products. 


Figure 4 


Globalization in Product Markets 

Spot Gasoline Prices in Major Markets 
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Source: U.S. Department of Energy 


Up until the mid 2000s, substantial excess refinery capacity in other nations enabled the 
United States to benefit from imports of surplus refined products. However, strong global 
demand growth absorbed that surplus, which led to stronger global refining margins over 
the last few years. Figure 5 below shows that refinery capacity utilization rates in the 
United States, Europe and Asia have increased substantially in recent decades. High 
utilization, in turn, led to higher refinery margins that have made economically possible 
the current round of refinery capacity expansion. The International Energy Agency 
estimates that 10.6 million barrels per day of global refining capacity is being added 
between 2007 and 2012. Half of the additions are from incremental expansions in the 
United States and Asia and half are from new refineries being built in the Middle East 
and developing Asian nations. In addition to the 1 . 1 million barrels per day of expansions 
in distillation capacity planned in the United States by 2012, there are also large-scale 
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upgrading capacity additions that will process increasing amounts of Canadian heavy, 
sour crude oil, and increase yields of clean-fuels products. 

Figure 5 

Refining Capacity Utilization 


% Utilization 



Source: BP Slatistol Review, 2007; U.S. Department of Energy for US. 
2007 = YTO DOE for U.S., COP estimates tor other regions 


Our industry is often asked why the number of operable refineries in the United States 
declined from 319 in 1980 to 149 in 2007. According to the Federal Trade Commission, 
the closures tj^sically involved small, relatively unsophisticated facilities,'^ Between 
1973 and 1981, federal govemment incentives enabled companies to own and profitably 
operate these small and often inefficient refineries. However, these refineries were hurt 
by the elimination of these incentives in 1981 and the large capital expenditures that were 
required to meet government-mandated product specifications (such as clean fuels) and 
emissions reductions. These expenditures also crowded out investments that might have 
been made on expansion. However, continuous expansions of the remaining refineries 
and improved efficiency have enabled the U.S. refining industry to increase crude runs 


International Energy Agency, “Medium-Term Oil Market Report,” July 2007, page.s 54 and 60 
’’ U.S. Federal Trade Commission, Bureau of Economics, “The Petroleum Industry: Mergers, Structural 
Change, and Antitrust Enforcement,” August 2004, page 7 
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nearly 30 percent since 1983, ** despite closures of the smaller refineries and the refining 
industry’s historically low returns on investment. 

Another factor that has caused upward gasoline price volatility is the proliferation of 
different grades of gasoline required by differing federal and state government 
environmental mandates. The existence of multiple unique product specifications makes 
it difficult to replenish supplies in the event of a disruption, such as a storm-related 
refinery equipment outage. Regions with unique product specifications dierefore 
experience greater price volatility than regions with standard specifications. A study by 
the U.S. Department of Energy indicated that “boutique” specifications did in fact result 
in upside volatility of gasoline prices,*^ a particular concern since more states are in the 
process of mandating new “boutique” grades of biofuels. 

Additionally contributing to higher gasoline price levels are higher refining costs. The 
refining industry has experienced substantial increases in energy, labor and materials 
costs. For example, the Nelson-Farrar composite index of refinery operating costs 
increased by 50 percent since 2002.^° Contributing to this inflationary pressure is the fact 
that much of the domestic refining industry is working to expand capacity at the same 
time, competing for goods and services. Further, the U.S. refining and marketing 
industries spent $100 billion on environmental projects between 1990 and 2005.^' 

Even as concerns grow over higher gasoline costs, the global gasoline market is already 
moving hack into equilibrium due to slowing growth in demand caused by higher prices, 
startups of refinery capacity expansions and the increa.sed use of ethanol in gasoline. U.S. 
consumption was relatively strong over the last decade due to growth in vehicle travel 
and a lack of improvement in average fuel efficiency. Since the early 1990s, consumers 
purchased a growing percentage of light trucks, including sports utility vehicles, which 

'* U.S, Department of Energy, Energy Information Administration, U.S. Weekly Crude Inputs Into 
Refineries, website (1 1.8 nimbd in 2003 and 15.2 in 2007 ) 

U.S. Department of Energy, Energy Information Administration, “Gasoline Type Proliferation and Price 
Volatility,” September 2002, page 4 

Oil and Gas Journal data base, “Nelson-Farrar refinery operating index,” monthly as of November 2007 

American Petroleum Institute, “Environmental Expenditures by the U.S. Oil and Gas Industry,” June 
2007, page 4 
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are generally less fuel-efficient than cars. In addition, manufacturers utilized 
technological advances to meet consumer demand for increased vehicle size and greater 
horsepower rather than improve fuel efficiency. However, recent increases in fuel costs 
have reduced growth in gasoline consumption due to both a slowdown in the growth of 
vehicle miles traveled and a shift toward purchases of smaller, more efficient vehicles. 
The Department of Energy estimates that gasoline demand grew by only 0.4 percent in 
2007, versus annual growth of 1.5 percent during the last two decades. The combination 
of increased supplies and lower demand growth has restored some balance in the gasoline 
market. This is evidenced by the fact that although fuel prices are higher, the increase has 
not fully reflected the rise in crude oil prices. For example, between July 2, 2007 and 
March 1 1, 2008 the price of West Texas Intermediate crude oil increased 53 percent 
(from $7! to $109 per barrel) but spot gasoline prices increased less than half of that 
amount (20-25 percent depending on the region), while the average U.S. retail price 
increased about 10 percent (from $3.00 to $3.27 per gallon). 

The other shift occurring in global and U.S. product markets is the strengthening of diesel 
fuel prices relative to gasoline prices. This is caused by tightening global diesel markets 
as Europe shifts its passenger fleet to consume diesel fiiel and as diesel fuel demand 
grows in other parts of the world. Refineries have not yet had time to shift their 
production capabilities, and only limited changes are possible with existing equipment. 
However, new diesel fuel production capacity is being added at a number of refineries. 
Also contributing to recent price increases are government-mandated shifts in production 
to ultra-low-sulfur diesel fuel in the United States and Europe. This fuel is more 
expensive to manufacture, and the lack of global capacity to produce diesel fuel with the 
required specifications limits the ability to import fuel. As a result of these global forces, 
U.S. prices for on-road retail diesel fuel averaged nine cents per gallon above gasoline 


U.S. Department of Energy, Energy Information Administration, Weekly Petroleum .Status Report, spot 
WTI at Cushing, spot conventional regular gasoline at NY Harbor, Gulf Coast and Los Angeles, U.S. retail 
motor gasoline, all grades ail formulations 
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prices since 2005, compared to averaging 5.5 cents per gallon below gasoline prices 
between 1995 and 2004.^’ 


Industry Profits: Addressing Common Misperceptions 

Oil and natural gas industry earnings are highly cyclical, as they are with other 
commodity industries. Profits have increased in recent years with the strength in 
underlying commodity prices, but costs have escalated rapidly and are still rising. In fact, 
Morgan Stanley estimates that the returns on capital employed for exploration and 
production of the integrated oil companies peaked in 2005.“'* Morgan Stanley also 
estimates that from 2008 to 2012, new upstream investments will require crude oil prices 
of nearly $85 per barrel (West Texas Intermediate) to be profitable at the industry’s cost 
of capital. Given continuing cost increases, Morgan Stanley believes that crude oil prices 
by 2012 of approximately $90-100 per barrel will be needed to justify investment.^^ 

Thus, higher prices today reflect higher replacement costs. 

There is a comraoii misperception that the absolute dollar amount of major oil company 
earnings is indicative of the industry’s profitability. Rather, its earnings reflect the 
industry’s enormous scale and the capital investment needed to replenish depleting 
supplies. Constrained resource access at home and abroad has required international oil 
companies to undertake increasingly large, complex and risky projects that host 
governments may not have die financial strength, skills or technology to undertake on 
their own. A typical large ConocoPhillips exploration and development project requires 
.several billion dollars of initial investment and may not generate revenues for over a 
decade from project sanction. A single large offshore platform in the Gulf of Mexico 
designed to operate in thousands of feet of water costs more than $1 billion to develop. A 
project to produce and deliver liquefied natural gas ciuTently may cost between $7-21 


U..S. Department of Energy, Energy Information Administration, Weekly Petroleum Status Report, U.S. 
Gasoline and Diesel Retail Prices 

Morgan Stanley Research, “Integrated Oil,” March 14, 2008, Exhibit 18, page 12 
Morgan Stanley Research, “Integrated Oil,” March 14, 2008, page 12 
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billion, depending on its size, location and complexity of the project. The proposed 
Alaska natural gas pipeline is expected to cost $25-40 billion. Only large companies with 
substantial financial capacity and technical resources can effectively develop these 
projects, while sufficiently diversifying the number of projects and geographies to 
manage the risk. 

There is also a common misperception that energy industry earnings and returns on 
investment are higher than those in other industries. Figure 6 below shows that the 
industry’s earnings are comparable to those of other manufacturing industries. 

Figure 6 


Industry Earnings 

(Cents per dollar of sales) 



2002-2006 2006 3Q 2006 3Q 2007 


Source; U.S. Census Bureau forU.S. manufacturing ana CNI D^ly oi the oil and gas industry 


Figure 7 below, based on U.S. Department of Energy data, shows that the return on 
investment for the oil and natural gas industry is currently comparable to average returns 
for the S&P industrials, after lagging those returns for many years. 
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Figure 7 


Industry Return on Investment 

Net Income / Net investment in Place 

Percent 



Sotirce: U.S. Department of Energy. Energy Information AcWnisIraticn, Periormance Prcflifes ol Major Energy Producers, 
various issues arid 2006 S&P figure compiled by PWC fromCompustat data 


Another common misperception is that the oil and natural gas industry is not reinvesting 
its earnings to develop new supplies. Figure 8 below shows that investments have 
increased along with earnings. For example, 2006 investments of more than $ 174 billion 
increased by 29 percent over 2005. Between 1992 and 2006, the U.S. oil industry 
invested more than $ 1 .25 trillion in a range of long-term energy initiatives, compared to 
net income of $900 billion. Some also express concerns over the industry’s rate of stock 
repurchases. However, according to U.S. Department of Energy data, for the last 1 1 
years, the industry spent only 21 percent of net income on stock repurchases, compared to 
the S&P industrials repurchase rate of 52 percent.^* Despite the relatively low stock 
repurchase rate, the oil and gas industry would likely reinvest at even higher rates if 
governments made more resources accessible. 


“ U.S. Department of Energy, Energy Information Administration, “Performance Profiles of Major Energy 
Producers 2006,” December 2007 
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Figure 8 


Industry Oi! and Natural Gas New 
Investments 
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Soki'ce: Ernst & Vour>0 

ConocoPhillips’ reinvestment rates have typically exceeded its earnings. Figure 9 below 
shows that between 2003 and 2007 the company’s average reinvestment rate as a percent 
of net income averaged 106 percent. In addition, capital spending increased nearly 150 
percent between 2003 and our projected 2008 spending level of about $15 billion. A final 
point is that while our earnings are numerically large, they in fact reflect the substantial 
capital investment required to replace reserves and achieve growth. For example, 
ConocoPhillips earned nearly $12 billion in 2007, but spent close to $13 billion. 


Figure 9 
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PaflLloASfflind Energy Policy 

ConocoPhillips believes tliere are several concrete steps that Congress can lake to 
enhance the nation’s future energy security. We want to first emphasize that despite the 
cun'ent tight market, the world is not short of energy supplies. Rather, it lacks sufficient 
political will to develop the vast fossil fuel and alternative resources that are available. 
Additionally, it is vital to point out that there is no “silver bullet” that would quickly and 
inexpensively replace fossil fuels and create energy security. Instead, the United States 
must bring all economic sources of energy to the marketplace. Doing so will require 
strong political leadership and determination, as well as, sound insight into the realities of 
the energy market. We need no less than a national commitment to achieve security of 
both near- and long-term energy supply and policies that outline a clear path to follow. 
ConocoPhillips believes that a sound U.S. energy policy must incorporate the six actions 
explained below. 

Encouraging conventional supplies 

Although the United States has only 3 percent of the world’s remaining oil and natural 
gas proved reserves, thi.s is due in part to governmental policy. We could increase U.S. 
reserves by drilling in the vast onshore and offshore areas that are currently off limits. 
Altogether, these areas are estimated to hold 80 billion baiTels of recoverable oil and 
natural ga.s equivalent - enough to double current U.S. reserves. 

Industry critics frequently charge tliat since one area or another only offers a few months 
or years of supply, it should not be developed. ConocoPhillips believes that it is 
economic folly to instead transfer $8 trillion dollars - the possible market value of these 
potential resources at current oil prices - to other countries through imports instead of 
keeping that money at home and gainfully employing thousands of Americans. Unless 
Congress acts to improve access to domestic resources, the United States mu.st accept oil 
import dependence at the current rate of about 60 percent, or even higher in the future. 
Therefore, the federal drilling moratoria on non-sensitive lands should be suspended and 
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drilling allowed under strict environmental oversight. Industry technology and operating 
practices have made quantum leaps in the years since these moratoria were enacted. Our 
national vulnerability no longer allows the luxury of ignoring so much energy potential. It 
is often said by those opposed to providing more access that, “We cannot drill ourselves 
out of our domestic energy situation.” That is true, as is the fact that, “We cannot expect 
an aggressive program to develop alternative and renewable fuels to provide needed 
energy security overnight no matter how aggressively we develop them.” A balance of 
both is required. 

To satisfy projected demand, the United States and the world also need OPEC nations, 
and particularly those witlt large reserve holdings, to expand their production capacity. 

We are concerned about the mixed signals that U.S. policymakers are giving these 
countries. On one hand the United States urges them to increase production, while on the 
other it threatens to back out a substantial portion of Middle East oil imports, or to sue 
OPEC. These countries may not expand their production capacity to the extent that is 
needed if they do not believe there is a sustained market for their crude oil. 

Congress should also facilitate the building of the critical infrastructure needed to deliver 
energy supplies to the public. The United States needs more ethanol unloading and 
blending terminals, more pipelines and power transmission lines, and more refinery 
expansions. But duplicate and overlapping federal and state laws, and overly long and 
difficult regulatory processes, discourage or delay such infrastructure additions, 
particularly for refineries. For example, ConocoPhillips applied in May 2006 for a permit 
to expand our Wood River refinery in Illinois, and we still do not have a final pemit. At 
our refinery in Wilmington, California, local permit challenges and litigation have 
threatened an uitra-low-sulfur diesel fuel project since 2004. An expansion at our Rodeo 
refinery near San Francisco took 28 months to permit and only after a compromise was 
reached with the state Attorney General. These expansions are designed to increase 
supplies of transportation fuels - precisely as Congress would wish. In cases like these, 
where infrastructure is clearly needed to serve the national interest, Congress should 
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expedite federal and state permitting processes to ensure a balance between federal, state 
and local and special interests. 

A related issue is the proliferation of different t5?pes of gasoline. State mandates require 
production of 16 localized “boutique” blends for particular markets, multiplied by three 
different octane grades and by different winter and summer blends. Also, some states 
now require boutique biofuels blends. The result is a profusion of different fuels, each 
with its own specifications. These boutique blends prevent the transfer of fuels from one 
region to another in the event of logistical or operational challenges. This causes 
shortages and price spikes. Congress could alleviate these problems by setting uniform 
national fuel requirements. 

Optimizing biofuels production 

Moving to biofuels, the Energy Independence and Security Act of 2007 mandates the use 
of 36 billion gallons by 2022. While this is a laudable objective, some improvements to 
that statute are needed. 

First, the creation of different “silos” or categories of biofuels reduces flexibility in 
complying with the mandate, which is likely to cause inefficiency and increase costs. The 
Act also presumes to know what the best technologies will be 14 years from now. 
Congress should not attempt to pick “winning” technologies. Instead, a more sound 
approach would be to enact incentives or mandates that are both technology-neutral and 
fuel-neutral. For example, it is not reasonable for biodiesel to qualify for tax support, 
while renewable diesel fuel does not. As long as both processes use renewable feedstock, 
support should be neutral and treatment equal. 

A second concern is mandating a level of biofuels use exceeding 15 billion gallons. Such 
concentrations will exceed the capability of both the vehicle fleet and the supply delivery 
infrastructure (ethanol’s corrosiveness requires use of special equipment). Also, advanced 
biofuels that do not use potential food sources as a feedstock cannot be produced 
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commercially today. The Environmental Protection Agency has the ability to waive high 
mandated volumes if technology and production have not advanced sufficiently. 
However, such waivers are made known only a few months before the start of a 
compliance year, which does not allow fuel providers sufficient time to plan optimized 
and efficient compliance activities. 

A third concern is the current 54-cent-per-gallon tariff on imported ethanol, which 
penalizes lower-cost and less carbon-intensive imports, such as from Brazil. This tariff 
should be phased out or eliminated. 

Finally, ConocoPhillips is quite concerned about the potential for governments to layer 
on overlapping policies. For example, we hear that policies are being considered to add a 
national low-carbon fuel standard on top of a low-carbon renewable fuel standard. The 
overlap between these programs would further confound the overlap of state programs 
previously discussed. If the United States continues to overly constrain its production and 
supply systems, optimal solutions will cease to exist, and the result will likely be higher 
fuel costs and possibly even supply outages. 

Encouraging alternative and unconventional sources 

While alternative and unconventional energy sources will be essentia! in the future, it is 
important to recognize that new technologies take time to commercialize and usually cost 
more tlian conventional supplies. Here, Congress is at risk of too strongly favoring 
politically expedient energy sources. The market should decide which are the best 
technologies in order to avoid over-reliance on old technologies or uneconomical energy 
sources. 

We would encourage Congress to also recognize that, although oil sands and 
unconventional fossil fuels such as oil shale and coal gasification are more energy- and 
carbon-intensive than conventional sources today, they could substantially improve 
energy security because these resources are abundant in the United States and Canada, 
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There is significant opposition to developing these sources unless carbon capture and 
storage is also employed. However, until the U.S. establishes a working regulatory 
framework for greenhouse gas emissions, it would not be economic to store carbon from 
these sources. It would also be risky to make these investments given the uncertainty ovei 
when and whether the United States will enact legislation to regulate carbon and the 
parameters of such a program. 

ConocoPhillips suggests that in order to improve both energy and climate security. 
Congress should put a program in place to encourage commercialization of large-scale 
carbon storage projects from these types of oil resources - without waiting for enactment 
of a full cap and trade program. To facilitate this process, the federal government can 
commit to provide “carbon-price insurance” for carbon storage projects for up to one 
million battels per day of oil supply and three billion cubic feet per day of natural gas 
supply by 2020. This would represent about 5 percent of U.S. oil and natural gas demand. 
The government could auction this insurance to the projects that yield the largest 
reductions in carbon intensity relative to cost. 

For example, if a winning bid was a project with a storage cost of $40 per tonne of 
carbon dioxide avoided, the government would guarantee that the project would have the 
$40 per tonne to store carbon. If, in the interim, a federal cap and trade program was 
implemented that brought the cost of carbon allowances to $40 per tonne, the project 
would fully assume the storage cost and there would be no government outlay. 

Lowering the carbon intensity of energy supplies 

We would encourage future Congressional policies to focus on lowering the carbon 
intensity of U.S. energy supplies, and work to encourage the global community to join in 
this effort. 

Congress could take action to reduce our carbon footprint by establishing a baseline, and 
a system of incentives and penalties to ensure that we meet this baseline. The first step 
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would be to create a mandatory framework that would lower our greenhouse gas 
emissions, and set a price for carbon avoidance. This could be done by either a tax or a 
cap and trade system. This step would influence investment decisions across the entire 
economy. 

Incentives should be offered for development of caihon capture and storage. Companies 
are ready to begin making the required investments, but first government must establish a 
value for carbon avoidance and national legal and regulatory frameworks for liability and 
permitting issues. And the government should provide access to federal lands that offer 
the potential for underground carbon storage. 

Next, Congress should encourage greater use of renewable sources - such as solar and 
wind power - by extending their investment tax credits by five years at a time. This 
would help provide the financial certainty needed for investment. Development of these 
renewable power sources benefits the public at large and .should be paid for with public 
funding, not by imposing discriminatory tax provisions on tliree or four American 
companies, as is being considered. The United States must develop more of every form of 
energy, including oil and natural gas. Developing low-carbon energy supplies should be a 
national priority, and one industry should not be required to fund this effort alone. 

Congress should also encourage greater use of nuclear power, which represents higher 
percentages of total electricity supply elsewhere than in the United States. To do so, the 
federal government should fulfill its commitment to dispose of waste generated by 
nuclear power plants. It should also sponsor research into advanced technology that uses 
the fuel more completely - while reducing waste volumes and half-life - and lowering 
proliferation risks. 

Improving energy efficiency 

The Energy Independence and Security Act of 2007 did much to improve fuel efficiency 
standards for light-duty vehicles and appliances, and ConocoPhillips commends Congress 
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for this bold action. We also encourage governments to take action to slow the rate of 
growth in peak electricity use - an important step, given the strong historical growth in 
electricity consumption and rising reliance on natural ga.s to generate power during peak 
demand periods. Electricity represents 40 percent of current U.S. energy consumption, 
compared to 25 percent in 1970. 

Over the last decade a substantial amount of natural-gas fired power generation capacity 
was added in the United States due to the attractive economics of combined cycle gas 
turbines and the clean-burning characteristics of gas. As a result, electricity costs in many 
regions are highly dependent on natural gas prices during peak daytime demand periods. 
Therefore, to improve availability of natural gas as well as electricity, we need to advance 
the constniction of natural gas pipelines from Alaska and the Mackenzie Delta in Canada, 
and of new liquefied natural gas terminals. All have been delayed due to hyper-inflation 
in costs, local politics and special interests. 

Government could also help reduce peak electricity demand by enacting regulatory and 
fiscal incentives tliat encourage utilities to reduce electricity demand by offering more 
transparent real-time pricing that shows consumers the cost of power as they use it. A key 
technology to enable this pricing, called “smart meters,” already exists. 

Encouraging technology innovation 

It is also vital that Congress encourage investment in new technologies in all ai-eas of 
energy development. A variety of technological advances are needed to help maximize 
recovery of conventional resources, enhance ability to operate complex projects in 
harsher environments, improve environmental perfonnance, develop new alternative and 
unconventional energy sources, reduce the carbon intensity of energy supplies, and 
improve the efficiency of energy use across the entire economy. 
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Both the public and private sectors should increase spending on energy research and 
development. Government technology investments should be made in a transparent and 
market-based manner, with incentives going to the best ideas. 

Government could further drive technological innovation through greater support of 
education. With half of the energy industry’s technical work force expected to reach 
retirement eligibility in the next 10 years, there is growing need for more university 
students majoring in engineering, geology, geophysics and the other technical disciplines. 
The United States also needs belter secondary education to prepare its students for 
rigorous college study. 

Recognizing the increased need for training for the many new employees entering our 
industry, and to help our existing employees reach their full potential, ConocoPhillips 
recently purchased land in Louisville, Colorado, to develop a center for corporate 
learning. We are also building a global technology center at this location to foster 
innovative research and the development of new technology. 

Conclusion 


Improving energy security and reducing the risk of climate change are formidable 
challenges. As one of America’s leading energy suppliers, ConocoPhillips intends to be 
part of the solution. We believe Congress can provide critical leadership in: 

• Increasing domestic resource access, 

• Improving the ability to permit key energy infrastructure in this country, 

• Enacting a mandatory regulatory framework for reducing carbon dioxide 
emissions so we can invest to reduce the carbon intensity of the nation’s 
energy supplies. 

We understand that many of these recommendations may involve differences of opinion 
between government and industry, but we encourage an atmosphere of cooperation and 
are eager to engage with you in finding solutions for meeting this country’s energy needs. 
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The United States has much to gain from a healthy U.S. energy industry that can compete 
domestically and globally to expand the energy supply available to the United States. 
Actions taken to weaken the U.S. energy industry will accelerate the shift in control of 
resources into the hands of national and foreign oil companies at our expense. China, 
India, the European Union and other nations are deeply engaged in helping their energy 
industries capture resources to meet the future energy needs of their constituents. We 
must work together to ensure that our nation’s energy needs are met. 

Again, Mr. Chairman, thank you for inviting ConocoPhillips to participate in today’s 
hearing. We look forward to working with this important committee in the days ahead. 
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The Chairman. Thank you, Mr. Lowe. 

And our final witness is Mr. Robert Malone, who is the Chair- 
man and President of BP America. Mr. Malone has led BP America 
since 2006. 

We welcome you, sir. Whenever you are ready, please begin. 

STATEMENT OF ROBERT A. MALONE 

Mr. Malone. Thank you, Mr. Chairman, Ranking Member Sen- 
senbrenner, members of the Select Committee. 

Good afternoon. My name is Bob Malone, and I am the Chairman 
and President of BP in America. 

We are the nation’s largest producer of domestic oil and gas and 
one of the nation’s largest energy investors. We expect to spend 
here in the United States $30 billion over the next five years to ex- 
pand and extend production of natural gas from the Rocky Moun- 
tains west to renew critical oil and gas infrastructure on the North 
Slope of Alaska, to continue development in the deep water Gulf 
of Mexico, and to increase gasoline production from key midwest 
refineries. 

In the area of alternative energy, we are nearly doubling the ca- 
pacity of our Frederick, Maryland solar plant, the largest inte- 
grated solar manufacturing facility in the United States. 

By the end of this year we expect to have 1,000 megawatts of 
U.S. wind power capacity on line, increasing to 2,400 megawatts by 
the end of 2010. That is enough to power more than 700,000 
homes. 

We are already one of the largest blenders of ethanol in the na- 
tion. However, over the next decade, we will invest more than 500 
million in the search for a new generation of biofuel that contains 
more energy, has less impact on the environment, and which is not 
made from a food crop. 

We know high energy prices are having an adverse impact on our 
nation’s economy and your constituents and our customers. We 
cannot change the way the world market relies and this nation re- 
lies on 60 percent of its oil from foreign countries. But we can work 
with this Congress, with the administration, and with governments 
and consumers across this nation to move towards greater energy 
security and a lower carbon energy future. 

To be clear, BP America is working hard to expand and to diver- 
sify U.S. energy supply and is committed to reducing the environ- 
mental impact of both energy production and consumption. Our op- 
erations span the country, and many employ technologies that did 
not even exist a decade ago. 

Our investment across the entire energy spectrum is huge. Over 
the last five years, we have invested $31.5 billion in development 
of U.S. energy security. During 2007, we invested three-quarters of 
a billion dollars or ten percent of our capital budget on alternative 
energy. 

But the hard truth is that even the major improvements in en- 
ergy efficiency with the rapid growth of solar wind and biofuels, the 
United States will consume more oil, more natural gas and coal in 
2030 than it does today. The United States with five percent of the 
world’s population consumes 25 percent of the world’s daily oil pro- 
duction. 
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The U.S. should produce more of the energy it consumes, and it 
has a responsibility to use that energy wisely. U.S. energy policy 
must address both energy supply and energy demand. On the sup- 
ply side, we support incentives for alternative energy, but taxing 
one form of energy to encourage production of another will reduce 
our ability to keep up with the growing U.S. energy demand. The 
result will be less investment, less production, tighter energy mar- 
kets, and potentially even higher prices at the pump. 

This nation should be encouraging production of all forms of en- 
ergy, especially oil an gas. On the demand side we have to encour- 
age conservation and drive energy efficiency. 

Mr. Chairman, members of the Committee, in the notice of this 
hearing you expressed a desire for a real conversation about en- 
ergy. I am here on behalf of BP to have that conversation. The en- 
ergy challenge facing this nation is enormous. BP is serious about 
bringing new sources of oil and gas to the U.S. market. We are also 
serious about building a sustainable, profitable alternative energy 
business that is capable of delivering the clean, affordable power 
that consumers want. 

My company stands ready to work with you and others to ad- 
dress the energy and environmental needs of this nation. 

Thank you. 

[The statement of Mr. Malone follows:] 
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House Select Committee on 
Energy Independence and Global Warming 
April 1, 2008 

Written Testimony 

Robert A. Malone 
Chairman & President, BP America 


My name is Bob Malone and I am Chairman and President of BP 
America. 

BP appreciates the opportunity to provide the Committee with 
information concerning our operations and investments. I am proud 
of our investments and the commitment they represent to the 
development of a secure energy future in the US. 1 am here today to 
convey BP's perspective about the marketplace and share our 
understanding of the choices we as Americans must make in order 
to ensure a diverse and adequate energy supply for future 
generations. 

We are privileged to be the nation's largest producer of domestic oil 
and gas and one of the nation's largest energy investors. In 2007 
BP's US production of oil was 513,000 bpd and gas production was 
over 2 Bcfd. 

We operate the largest integrated solar manufacturing plant in the 
United States in nearby Frederick, Maryland. 

We are major investors in wind generation and have amassed a land 
portfolio capable of potentially supporting 15,000 megawatts (MW) 
of wind generation, one of the largest positions in the country. We 
are building 700 MW of wind generation this year and expect to have 
an installed capacity of 2,400 MW of wind power by the end of 2010. 

We are one of the largest blenders and marketers of biofuels in the 
nation. Last year, BP blended 763 million gallons of ethanol with 
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gasoline and we are underwriting cutting edge research - investing 
more than $500 million over the next 10 years -in the search for a 
new generation of biofuels that contain more energy... have less 
impact on the environment... and which do not reduce the supply or 
increase the cost of food. 

We are attempting to develop hydrogen power generation with 
carbon capture and sequestration. In California we are evaluating a 
$2 billion, industrial scale project that will use petroleum coke to 
make hydrogen for use in power generation. Carbon dioxide, a 
byproduct of producing hydrogen, will be captured and safely and 
permanently stored underground. 

In short, BP America is working to expand the supply of energy 
available to the United States and is committed to continue reducing 
the environmental impact of both energy production and 
consumption. 

Our approach has been shaped by a hard truth. 

Hard Truths 

The US today is faced with tremendous energy challenges. It is 
experiencing the impact of years of policies, poor market dynamics 
and company decisions that have limited access to resources, 
discouraged development and constrained new investment to meet 
growing consumer demand for energy. BP recognizes the negative 
effects high prices have on the economy and the consumer. We 
alone can't change the conditions that brought us here. Energy 
companies, policymakers and consumers all have a role to play in 
creating a new energy future for the US. 

This relationship must be shaped by the recognition that the US 
economy needs both to better conserve energy and to produce more 
energy of every type to meet growing demand. We need to invest in 
conventional oil and gas. We also need to invest in renewables and 
alternatives to begin the transition to a low carbon future. However, 
we must all understand that this future is many years away and that 
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renewables and alternatives will not make a material contribution to 
total US energy supply for many years. 

This view is reflected in a recent study issued by The National 
Petroleum Council in July of 2007 - Facing the Hard Truths About 
Energy . It was an in-depth, comprehensive review of the entire 
energy sector that benefited from participation and support from a 
diverse group of stakeholders and more than 1000 persons/groups 
involved in energy. 

I have integrated its observations and conclusions below and added 
emphasis as necessary. 

There is no single, easy solution to the global challenges ahead. Given the 
massive scale of the global energy system and the long lead-times necessary 
to make material changes, actions must be initiated now and sustained over 
the long term. Over the next 25 years, the US and the world face hard truths 
about the global energy future: 

• Coal, oil, and natural gas will remain indispensable to meeting 
total projected energy demand growth. 

• The world is not running out of energy resources, but there are 
accumulating risks to continuing expansion of oil and natural gas 
production from the conventional sources relied upon historically. 
These risks create significant challenges to meeting projected total 
energy demand. 

• To mitigate these risks, expansion of all economic energy sources 
will be required, including coal, nuclear, biomass, other 
renewables, and unconventional oil and natural gas. Each of these 
sources faces significant challenges Including safety, environmental, 
political, or economic hurdles, and imposes infrastructure 
requirements for development and delivery. 

The Council proposed five core strategies to assist markets in meeting the 
energy challenges to 2030 and beyond. All five strategies are essential, the 
US must: 

• Moderate the growing demand for energy by increasing efficiency 
of transportation, residential, commercial, and industrial uses. 

• Expand and diversify production from clean coal, nuclear, biomass, 
other renewables, and unconventional oil and gas; moderate the 
decline of conventional domestic oil and gas production: and increase 
access for development of new resources. 
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• Integrate energy policy into trade, economic, environmental, 
security, and foreign policies; strengthen global energy trade and 
investment: and broaden dialogue with both producing and consuming 
nations to improve global energy security. 

• Enhance science and engineering capabilities and create long-term 
opportunities for research and development in all phases of the energy 
supply and demand system. 

• Develop the legal and regulatory framework to enable carbon 
capture and sequestration. In addition, as policymakers consider 
options to reduce carbon dioxide emissions, provide an effective 
global framework for carbon management, including establishment of 
a transparent, predictable, economy-wide cost for carbon dioxide 
emissions. 

The above excerpts only begin to touch upon the level of analysis 
contained in the nearly 400 page report. This report provides a 
complete assessment and a non-partisan roadmap on how and what 
to do in the area of energy policy. 

BP Operations in America 

BP's US operations have been challenged over the last few years - 
significantly impacted by a series of accidents and operational 
problems in both our refining and upstream businesses. BP has 
made significant investments to upgrade its assets, strengthen 
operations, improve its safety performance, and enhance compliance 
to prevent another such period from happening again. 

Over the last 5 years, BP in America earned approximately $31 .7 
billion after-tax. Income taxes paid over the period have steadily 
increased to an effective rate of 37% in 2007 - with BP paying over 
$14 billion in income tax over the period. 

There are some who say oil industry profitability is excessive. But 
this ignores the size and scale of our business. Comparing oil 
industry performance to that of the broader market average {Exhibit 
1) shows that our earnings are comparable. Looking at all the 
industrial sectors, oil and gas industry performance was in the middle 
of the pack (Exhibit 2). 
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Regarding investments, over the last 5 years BP has reinvested in 
the US $31.5 billion into projects across the energy spectrum. And, 
over the next decade, we expect to continue to invest an average of 
$6 billion a year. 

These investments stretch across the entire country, from the Gulf 
of Mexico to the North Slope of Alaska and from the East Coast to 
the Midwest and the West Coast. The company's major spending 
programs also touch every major segment of the energy industry, 
from exploration and production of oil and natural gas through 
refining and distribution of fuel products, as well as alternative 
energy and biofuels. By heavily investing in a diverse range of 
energy sources - from traditional oil and natural gas production to 
alternative and renewable energy including solar, wind and hydrogen 
power - BP is helping meet America's energy needs today while 
ensuring a more secure energy future. 

Below is a partial list of our current major investments: 

Energy Biosciences Institute - $500 million 

The institute focuses on exploring bioscience applications and 
applying them to the production of new and cleaner energy, 
principally renewable fuels for road transport. The institute is a 
joint collaboration with the University of California Berkeley, 
University of Illinois - Urbana Champaign and the Lawrence 
Berkeley National Lab. The project will look at the entire 
biofuels value chain - from feedstock to enzymes to process 
and on through to advanced biofuels molecules. 

Colorado Natural Gas - $2.4 billion 

Increase ultimate recovery of coalbed natural gas from the San 
Juan Basin of southwestern Colorado by an estimated 1.9 
trillion cubic feet. The 13-year development program would 
increase current BP net production of 425 million cubic feet per 
day by more than 20 percent, and maintain production above 
present levels for more than a decade. 

Whiting refinery modernization - $3.8 billion 
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Upgrade and expand the Whiting refinery to increase Canadian 
heavy crude oil processing capability by about 260,000 barrels 
per day. The project also has the potential to increase motor 
fuels production by about 15 percent, or about 1 .7 million 
additional gallons of gasoline and diesel per day. 

Wind Power - $700 million 

BP and its partners invested about $700 million in 2007 to 
develop wind capacity throughout the US, including California, 
Colorado and Texas. During 2008, BP will construct 5 US wind 
farms with a total generating capacity of 700 MW and a total 
value of over $1.5 Billion. This will bring our total installed 
capacity of wind generation to over 1 ,000 MW by the end of 
2008. By 2010, we expect to have 2,400 MW installed. This is 
enough power to meet the needs of 720,000 households. 

Solar Manufacturing Expansion - $97 million 

BP is expanding the BP Solar manufacturing facility in 
Maryland, nearly doubling its capacity. When completed in 
2009 the plant will have a manufacturing capacity of 150 MW in 
its casting and sizing processes. 

Deepwater Gulf of Mexico - $20 billion 

BP is increasing exploration and production of oil and gas from 
deepwater reservoirs in the U.S. Gulf of Mexico. BP will 
continue development plans to explore new lease area and 
bring producing areas on-line (Thunderhorse, Atlantis...). 

Alaska renewal - $685 million 

BP is investing hundreds of millions of dollars in Alaska each 
year to commercialize and produce the billions of barrels of 
known oil resources in our Alaska portfolio. We have enough 
known oil and gas resources to sustain production for the next 
50 years but this will require billions of dollars in new 
investments. 

Wyoming Natural Gas - $2.2 billion 
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Over the next 15 years BP will double our natural gas 
production in Wyoming. Several hundred new wells are 
planned in the Wamsutter Field, BP's largest onshore 
development drilling program. 

Husky Energy Joint Venture - $5.5 billion 

BP and Husky will jointly develop Canadian oil sands resource 
and upgrade and modernize BP's Toledo, OH refinery. When 
fully operational the project is expected to deliver an 
incremental 200,000 bpd of oil to the US market and allow 
Toledo to produce 600,000 gpd more product to Midwest 
consumers. 

However, as we look to the future, the US investment climate is 
deteriorating. Various efforts have unnecessarily impeded viable and 
critical infrastructure projects; promising development areas have 
been declared off-limits; existing manufacturing operations have 
been challenged in their efforts to upgrade and expand; and new 
taxes have been proposed which will discourage future energy 
resource development. Furthermore, these stumbling blocks exist 
across the energy profile and are not just confined to oil and gas 
activities. 

Support for Renewables 

Emblematic of these gaps are policy discussions concerning how to 
support and fund the development of alternative energy resources 
like wind, solar and biofuels. Not surprisingly, policymakers and 
consumers generally support efforts that promote the development 
of renewable energy. As is reflected in its investment portfolio, BP 
concurs with this sentiment. However, there is significant 
divergence of opinion regarding the question of how to fund the 
necessary financial incentives. 

BP strongly supports the renewal of incentives for wind, solar, and 
biofuels. They are an important part of why the US has been so 
successful in developing its renewable energy sector, but we cannot 
support a tax package that discourages efforts to bring on other 
much needed energy sources (oil and gas production). As shown in 
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Exhibit 3, the oil industry is already heavily taxed compared to others 
in the manufacturing sector. In fact, the effective rate for 2006 was 
nearly double that for all manufacturing companies. 

Despite the growth and development activity we are experiencing in 
alternatives, they cannot close the supply gap that is projected to 
occur over the next 20 year period. Fossil fuels like coal, oil, and 
natural gas will be critical to meeting expected energy demand 
growth. 

Our nation, with 5 percent of the world's population, demands 25 
percent of daily world production. I don't think this is sustainable. 

The US must produce more of the energy it consumes and has a 
responsibility to use that energy wisely. 

Based on our experience in developing renewable infrastructure, 
there are many non-financial opportunities that would be effective in 
stimulating additional investment. These include: 

• Expedited siting and permitting of transmission to allow for the 
distribution of clean power (wind, solar) from generating areas 
to load centers ; 

• Providing for market, time-of-day pricing for solar power 
installations to allow homeowners and others to provide excess 
power back to the grid during the peak demand periods at the 
same rate utilities charge others; 

• Adopting a renewable portfolio standard (BPS) that requires 
power generators to utilize renewable sources like wind and 
solar in their mix. Experience has shown that in those states 
that have a BPS, renewable usage has increased significantly. 

Biofuels 

Similar policy gaps exist in the area of biofuels. Last year's energy 
bill created significant opportunities to develop and grow the 
contribution of biofuels to the transportation -fuels market. BP shares 
the view of policymakers that biofuels may be able to attain 
penetration rates of 30% by 2030 thus playing a huge role in meeting 
future transportation needs. However, the legislation created new 
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challenges that could in the end create market distortions, supply 
disruptions and higher consumer prices if not adequately addressed. 
First, the implementation timetable is very aggressive, creating a risk 
to delivery of fuel in sufficient quantities to the markets where it is 
needed. Congress, while mandating biofuels blending, did nothing to 
ensure that the market was prepared to accommodate the huge 
storage, transportation and delivery infrastructure requirements 
necessary to get the product to the consumer. 

Perhaps the greatest concern is that if biofuels producers can't 
supply -fuel retailers pay a penalty; if biofuels manufacturers can't 
produce - fuel retailers still pay a penalty. In order to make the 
emerging biofuels market work effectively, there must be a shared 
obligation with biofuels producers to ensure product reaches the 
consumer at the lowest possible price. We look to work with 
stakeholders to ensure this is done effectively as the implementing 
regulations are drafted. 

Climate policy 

Our nation will face difficult choices as we take steps to foster 
economic growth, ensure our nation's energy security and protect 
the environment. Chief among these environmental concerns is that 
of global climate change. 

A decade ago BP was the first oil company to acknowledge the need 
to reduce greenhouse gas emissions. In the years since, we have 
worked to reduce emissions from our own operations and to provide 
consumers with cleaner, lower carbon energy options. However, 
because the energy industry is so large, diverse and complex, there 
are limits to what a single company or a single facility can do to 
address this global problem. 

For that reason, BP has long advocated for the creation of a single, 
mandatory US greenhouse gas emissions registry and a market- 
based price for carbon. Market-based programs deliver the greatest 
and fastest reductions at.the least cost. Just as important, they 
create a level playing field, meaning that everyone must be part of 
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the solution and first movers aren't placed at competitive 
disadvantage. 

The fact that Congress has not yet addressed national climate policy 
has not deterred some from trying to impose requirements as if a 
national policy existed. 

Most recently, legislation has been adopted to discourage 
development of Canadian oil sands - the single largest oil resource 
base outside of Saudi Arabia. Additionally, a bill has been introduced 
to prevent the US from utilizing its world leading resource position in 
coal for power generation. Similarly, efforts are underway to either 
allow or encourage state or local jurisdictions to try and impose C02 
reduction targets on individual projects in order to make them 
uncompetitive and further discourage resource development. 

Why do I mention these examples? They clearly represent efforts to 
limit energy development opportunities that would enhance US 
energy security, economic development and environmental 
protection. One may only conclude that by limiting engagement, 
understanding and dialogue concerning the choices facing 
consumers, the public will accept the notion that all fossil fuel energy 
development should be discouraged. 

We believe Congress should set policy goals and allow the market to 
decide which technologies best deliver upon the objectives it sets. 

To do otherwise stifles the very technology breakthroughs and 
developments Congress supports. 

Energy imports 

Over the years, US policy has, in effect, encouraged oil and gas 
providers to look beyond the US border to meet growing US energy 
demands, yet policymakers often question our reliance on foreign oil 
imports. Policymakers also implore OPEC to produce and develop its 
own oil resources in order to reduce crude oil prices in the US. 1 
question whether it is reasonable to rely on OPEC to solve a problem 
abetted by inconsistent US policy? 
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The US should strive to more fully develop its own resource base - 
to make a greater contribution to world oil supply - otherwise we will 
increasingly rely on imported energy to meet the needs of our 
growing economy. 

Industry frustration levels are high because we see the potential to 
greatly expand US development opportunities (Exhibit 4). In fact, we 
have experience in the US . Gulf of Mexico that proves with the 
proper policy enablers industry will respond overwhelmingly. Since 
1985, oil production from the deepwater Gulf has increased 15-fold, 
from 58,000 to 870,000 barrels per day. Despite water depths in 
excess of 1 1/2 miles, well depths as great as 30,000 ft and 
operating temperatures and pressures greater than we have ever 
experienced, industry responded to Government encouragement to 
invest, explore and develop this resource base. This is a huge 
success story as the deepwater Gulf now accounts for every sixth 
barrel of oil produced in the US. 

We have no reason to believe that this success can't be replicated in 
other areas across the US. 

Energy Markets 

Your hearing notice indicated an interest in understanding the drivers 
behind the run-up in crude oil and gasoline prices. The following 
provides a brief synopsis of our market view. 

Crude oil prices have increased sharply in recent years and have 
recently set record inflation-adjusted highs. The US benchmark West 
Texas Intermediate rose from an average of about $26 per barrel in 
2001/02 to $72.20 in 2006. So far this year, WTI has averaged 
$97.27 (through March 24*'^), and peaked at $1 1 0.35 on March 1 3'^.’ 

Tightening oil market fundamentals have been the key driver of 
higher prices. Economic growth is always a key driver of oil demand, 
and the world has just seen the strongest 5-year period of global 
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economic growth since the early 1970s. While China has seen 
strong (and particularly energy-intensive) economic growth, so has 
the rest of the world. 

Complicating this growth profile, some developing countries and oil 
exporters with rapidly growing economies subsidize prices in their 
domestic markets, thereby shielding consumers from the impact of 
rising world prices. For example, Venezuelan drivers pay about 7 
cents per gallon — the world's lowest price — and Iranian drivers pay 
about 42 cents per gallon,^ 

Supply factors have also contributed to higher prices. Production is 
declining in mature provinces such as the US, the North Sea, and 
Mexico. Growth in Russian production has slowed. Shortages of 
labor and supplies as our industry has ramped up spending, 
combined with growing resource nationalism, have resulted in 
widespread project delays. 

In addition, OPEC has more successfully managed production levels. 
OPEC production cuts in 2007 were a key factor in reducing 
inventories and increasing prices. In addition, a number of OPEC 
members have experienced supply outages in recent years that 
continue to affect production levels, beginning with the PDVSA strike 
in late 2002 and including the Iraq war and civil unrest in Nigeria. 

In addition to current fundamentals, changing expectations about the 
future have also affected oil prices. Many observers feel that 
geopolitical risks to oil supply have increased in recent years. 
Expectations of rising costs (including taxes) as well as policy 
changes in oil-producing countries that constrain the industry's 
development opportunities have bolstered long-term price 
expectations. 

At the same time, a variety of factors have resulted in growing 
interest among financial investors in oil and other commodities. 
Recently, investors have responded to fears about a US economic 


^ Venezuela: NY Times 29 Oct 07; Iran: Yahoo News 17 Mar 08 
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downturn and a weakening dollar by seeking safety in oil and other 
stores of value, such as gold. 

All of these factors have increased the price of oil. 

The capacity for energy companies to respond with more supply has 
been constrained by several factors: 

• The project development capacity of the global energy industry 
atrophied in the 1990s after years of low prices. Accumulating 
new specialized labor and equipment takes time and is 
expensive. 

• Marshalling sufficient labor, materials, and equipment has been 
slowed by competition for resources from other industries that 
also took part in the rapid global economic expansion earlier 
this decade. The shortage of workers with relevant skills in the 
sciences is a particular concern. 

• Finally, governments have limited the ability of companies to 
respond by limiting access to resources and raising the cost of 
doing business through new taxes and greater government 
regulation. 

Given the labor and equipment capacity constraints, companies can 
and do continue bidding for a limited number of resources (drill ships, 
platforms, supply and heavy lift vessels) needed to produce oil. This 
has raised the cost of producing oil in the US and around the world. 

What are the impacts of high oil prices? 

Both producers and consumers are responding to higher prices. Our 
industry is growing investment rapidly; Official DOE data shows that 
US onshore Lower48 production rose in 2006 and 2007 — the first 
increases since 1985. More broadly, non-OPEC supply continues to 
increase, driven by new investments in deepwater production, heavy 
oil, and biofuels. Consumers are also responding: Despite above 
average economic growth, global oil consumption growth was below 
average in 2006 and 2007. 
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However, medium-term fundamentals continue to look supportive of 
a high crude oil pride. It appears unlikely that the outlook for supply 
and demand will result in a massive build-up of OPEC spare capacity 
as was seen prior to the price collapse in the mid-1980s. 

Oil has always been — and will remain — a cyclical commodity. Lead 
times for capital-intensive projects are long — it can take upwards of a 
decade to develop a deepwater oilfield, and (on the demand side) 15 
years to turn over the vehicle fleet. It is reasonable to expect that 
prices will again experience a downside of the cycle... at some point. 
At the same time, a number of factors — such as rising taxes, more 
costly forms of production, and difficulty accessing reserves — 
suggest that prices will remain above previous lows in any future 
downturn. 

How does oil price influence gasoline price? 

As shown in Exhibit 5, gasoline and diesel product price trends 
virtually mirror those of crude oil over the last 6-year period. 

However, examining recent price movements reveals that for the 
period of January 1 through March 14, 2008 gasoline price increases 
have lagged those experienced in the crude oil market (Exhibit 6, API, 
and NYMEX) 

Exhibit 7 graphically represents the components that make up the 
cost of a gallon gasoline: 

• The biggest single component of retail gasoline prices is the 
cost of the raw material used to produce gasoline - crude oil. 
Crude oil alone makes up 58 percent of pump prices (API, 2007 
EIA data). 

• Another major factor in gasoline prices is federal, state and 
local taxes, which account for 1 5 percent of the cost (API, 2007 
EIA data). The nationwide average for gasoline taxes is 
currently almost 46 cents per gallon. 

• Refining the crude oil into gasoline accounts for 1 7 percent of 
the retail price (API, 2007 EIA data). Refining costs can be 
affected by several factors: 
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o U.S. refineries customarily reduce production each spring 
for routine maintenance before the heavy summer driving 
season. 

o Costs to comply with various government fuel regulations 
• The remaining 10 percent of the cost of gasoline is the cost of 
distribution and retailing (API, 2007 EIA data). 

Service stations may sell gasoline from a major oil company, but 
about 95% of stations are operated by independent business people 
who determine their own prices, which include a margin to pay for 
their cost of doing business and to provide a profit (although a profit 
can't always be assured). 

Retailers base pricing on a variety of factors including the station's 
location and size, and such expenses as delivery costs, taxes, and 
contractual obligations to suppliers. Retailers also react to the prices 
charged by competing stations. If a station prices its gasoline too 
high compared to competitors, customers may take their business to 
a station with lower prices. If a station loses enough volume, it may 
then reduce prices to attract customers. 

A station's retail price also typically reflects the cost to replace the 
gasoline currently in its tanks. If the station doesn't generate enough 
cash to buy its next delivery, the retailer would be using debt to 
finance that purchase. 

What's next? 

As I stated earlier, the US faces energy challenges today because of 
policies, market dynamics and decisions of the last few decades. 

Our focus should be to improve the situation and to lay the 
groundwork necessary to create a secure new energy future. We 
believe US interests are served by a strong energy industry 
enhancing US economic growth and enabling successful companies 
to better compete in the world economy. 

It is my commitment to pursue policies and investments that will 
enhance oil and gas supplies, produce more motor fuels and begin to 
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make the transition to a lower carbon future. I would like Congress 
to partner with us in this journey? 
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Earnings of Dow Jones Industrial Average (DJIAj Companies and Oil and Gas Companies 
(net income divided ty revenue) 

^PJIA Gotland Gas 
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2007 4Q 2007 
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The fourth^usiter eixl full^'ear 2007 earnings for 
tide oil «nc! natural gas irrcJostiy are very targe 
because the companies are very large. But the 
earnings are riot out of line when they are 
compared with the earnings rate of other Dew 
jones industrial Average companies by njeasuring 
the cents earned for every dollar of revenue. In 


fact, the average earnings rate for the Dow Jones 
companies is onfysUghtly below the earninga rate 
for the chI arvd gas industry. And thena are other 
irrdustries that do far better than oil arid gas. 
incKiding pharmeceuticab. computers end 
chemicals. 
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It may seem surprising 4>at oil and natural gas 
earnings are typically in linewith the werage 
of other maior U.S. manufacturing industries. 
This fact is not well-unclerstood. however. In part 
because reports usually focus on only half the 
story-the profits earned. 

Profits reflect the size of an industry, but they're 
rtot neceasarily a good reflection of financial 
parfonnance. 


Profit margins, or earning per dr^far of sales 
(measured as net income divided by sales), 
prt^ldes one useful way to compete flnandai 
performance among Industries of aH sizes. 

The latad publkhad data for the tfiird quarter 
of 2007 shews the oil and natural gas indu^ry 
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compaiedtoS.6 cents for all US. mdnufacturing 
and 9.2 cents fi:)r US. manu^cturtng exdudling 
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U^. Crude Oil Resources (Undiscovered Technical^ Recoverable Federal R^ources) 


Pacific Ornhero 
10.5 BM 


Lofwer 48, Onshore 
7Bbf 


Atlantic Onshore 
3.8 Bbl 


Alaska Onshore. 18 BM 
Alaska Offshore. 28 6 Bbl 


Source: MMS. USGS. aricl AH caicutations 


Gulf Offshore/Deepwater 
44.9 Bbl 


112 billion barrels Is enougli oil to power 
over 60 million cars for 60 years. 


Our nation's ervtrg^ security lequires policiee 
that do rKit dtsatArantage the inveetorownad 
oil compand, but rather enables them to be 
competitive In the gk>bsf marhstplace. Our nation 
needs polidee that promole greater supplies of 
oil and r^sturaf gas. rMt policies that hinder our 
lr>du8t(V'8 ability to provide American consunters 
the energy they demand arrd r>eed. We have 


abundant volumes of oil and natural gas 
resources berteath federal lands and coastal 
waters, but the bttik of these resources have 
been placed off-fimiteto develai^ent. 

For emample, according to federal government 
estimates, there 1$ enough oU in these areas to 
power more thsrt 60 million care fbr 60 years. 
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Average Price increases Year to Date (cents per gallon) - January 1 to March 14 
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What consumers are paying for at the gasoline pump 



8.3% Earnings* 

Snjtte; Avemge of ^otlne components from Jaruary mrough December 2007 as reported by EU. 
*Esm^ differ by compary. F^e represaits sreraee 2007 Industry esrtnss toi oreiy doliar of sales. 


The biggest single comporvsnt of retail gasoline 
prices is the cost of the raw material used to 
produce gasoNne-crude oil. Forexampte in 2007. 
crude oil alone makes up 58 percent of pump 
prices. Refining made the crude oil into gasoline 


accounted for 17 percentof the retail price. 
Retailing added another 10 percent to ^ retail 
price of gasoline. Taxes accounted for 15 percent 
of the price of gasoline. 
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The Chairman. Thank you, Mr. Malone, very much, and that 
completes the time for opening statements from our witnesses. 

And now we will turn to recognize members of the Committee for 
questions of the panel. The Chair will recognize himself for five 
minutes for that purpose. 

Mr. Simon, last year Exxon Mobil reported $40 billion in profits, 
$28 billion in stock buy-backs, $7.5 billion in dividends and execu- 
tive compensation, but all I can really find is no more than a com- 
mitment of $100 million in investment in renewables over the next 
ten years. Why is that, Mr. Simon? Why is your company not in- 
vesting in renewables? 

Mr. Simon. Well, thank you, Mr. Chairman, for giving me the op- 
portunity to address the area of alternative fuel. When you go back 
to the year 2000-2001, we as a corporation recognized that we had 
a huge challenge in front of us not only as a corporation, but as 
an industry in meeting a significant growth in energy require- 
ments, estimated about 40 percent in the year 2030 compared to 
2005, while still managing the risks associated with climate change 
as driven by the increase in greenhouse gas emissions. 

At that time we looked at every component, every facet of alter- 
native energy. We had our best and brightest minds, the scientists 
and engineers of the highest caliber in our corporation look at it 
on a fundamental basis. We looked at it all the way from produc- 
tion, on the one hand, all the way through consumption, on the 
other. We called a well to wheels analysis. We looked at it on an 
energy basis, on the energy balance. 

The Chairman. How much have you invested in renewable en- 
ergy, Mr. Simon, for 2008? What is your budget for renewable en- 
ergy at Exxon Mobil. 

Mr. Simon. And I will get to that, Mr. Chairman. 

The Chairman. I only have five minutes. It is important for us 
to get it out on the table. What is the investment in renewable en- 
ergy, please? 

Mr. Simon. Recognizing that we needed to do something of a 
great magnitude, the current generation of fossil fuels do not work. 
What we did was we said we needed the best and brightest minds 
from all walks of life, and we initiated the global climate and en- 
ergy project at Stanford University, which is about 

The Chairman. And how much money are you paying for that? 

Mr. Simon [continuing]. A $100 million investment over 

The Chairman. One hundred million dollars, but you made $40 
billion last year. 

Mr. Simon. Mr. Chairman, putting more money into something 
does not necessarily equal progress. 

The Chairman. Well, Shell is putting money into wind. BP is 
putting money into renewables, and we are not talking about 100 
million over ten years. We are talking about billions of dollars 
which are being invested. Why is Exxon Mobil resisting the renew- 
able revolution that is being embraced by other companies even in 
the oil and gas sector? 

Mr. Simon. Our analysis is that we are not going to be able to 
meet the challenge that you would like to meet and I would like 
to meet with current generation. That is our assessment. We need 
to leapfrog current generation technology. We need to have break- 
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throughs that are world changing, and that is what the objective 
of our global climate and energy project is at Stanford University. 
We have 40 breakthrough programs underway looking at every as- 
pect of renewables. 

We are looking wind. I mean solar. We are looking at biofuels, 
biomass. 

The Chairman. We do not have time, Mr. Simon. Okay? We have 
got people you heard in my opening statement. For the poorest 20 
percent in America it is now ten percent of their income going to 
paying their gasoline bill. So as these consumers are at the pump 
being tipped upside down and having money shaken out of their 
pocket, your message to them is that you cannot do anything for 
them, that you are about to begin a partnership to think about 
what you are going to do about a renewable energy agenda, and 
that is not going to send any message that we are going to put 
pressure on OPEC that we are about to change business in our 
country. 

Mr. Simon. Well, if we are going to have a kind of impact that 
you and I want longer term, it is going to take breakthroughs, and 
that is what we are trying to do there. 

That does not say that we cannot do something to try to address 
the price at the pump today. About 80 percent of that price or 70 
percent of that price is crude oil. What can we do there? One thing, 
we can moderate demand in terms of the transportation sector. 

The Chairman. But you cannot have it both ways, Mr. Simon. 
You cannot, on the one hand, be nickel and diming renewables at 
Exxon Mobil and at the same time be recording $40 billion worth 
of profits and simultaneously fighting our efforts to move over the 
billions of dollars into the research in renewables which this coun- 
try needs to break its dependence on imported oil. You cannot do 
that, Mr. Simon. 

Exxon should make a commitment that they are going to put ten 
percent of their profits into renewables so that America has a com- 
prehensive strategy to fight that dependence upon imported oil. Are 
you willing to make that kind of a commitment? 

Mr. Simon. Mr. Chairman, we continue to look at that area. If 
we identify an area where we think it can have the impact that you 
are alluding to, we will do that, but we have studied all forms, even 
anticipating some improvements, and the current technologies just 
do not have an impact, any kind of appreciable impact on this chal- 
lenge that we are trying to meeting. 

The Chairman. Mr. Simon, that is just going to be a continuation 
of a policy of tax breaks for the oil companies and tough breaks for 
consumers at the pump, and that just does not work. 

OPEC has us over a barrel, and you are saying you are going to 
study the issue for another ten years, and with all due respect to 
Stanford, you have competitors here on this panel who are already 
investing in multi-billion dollar strategies in alternative energy, 
and I just think that it is time to move to this new agenda for the 
sake of our country and for the consuming public that really does 
feel as they have been short changed in terms of protecting them 
against what looks like to be a devastating, long-term prospect of 
paying $3.29, $4.29 and more at the pump for the indefinite future. 
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My time has expired. I turn to recognize the gentleman from 
Wisconsin, Mr. Sensenbrenner. 

Mr. Sensenbrenner. Thank you very much, Mr. Chairman. 

One of the things that I learned when I got to Congress is that 
we do not have the power here to repeal the law of supply and de- 
mand. Obviously demand is up, particularly as a result of the in- 
creased demand in emerging economies like China and India. Sup- 
ply is restricted, partly due to the fact that we have not been able 
to build new refineries in this country to increase supplies to con- 
sumer, and then as a result of our low interest policy, which we 
need to prevent a complete collapse of the housing market, you see 
the value of the dollar tanking on overseas markets, and the OPEC 
nations who do sell us oil are not going to want to get paid in 
cheaper dollars. 

Now, all of that on the table and not too much we are able to 
do about it either in Congress or on your side of the table, what 
do each of the five of you think is the single most important policy 
that Congress can make to increase supply and thus take the pinch 
off of higher prices? 

You can start, Mr. Simon. 

Mr. Simon. Well, Congressman, I do not think there is any silver 
bullet here. 

Mr. Sensenbrenner. Well, we know that, but I am asking you 
to prioritize, and I have got three and a half minutes left and you 
have got four colleagues that want to speak. 

Mr. Simon. To me it would be to open access to supplies that are 
currently off limits. We have 31 billion barrels, 105 trillion cubic 
feet of natural gas. That is enough to power ten million auto- 
mobiles and heat 15 million homes here in the United States for 
over 100 years. 

Mr. Sensenbrenner. Okay. Mr. Hofmeister. 

Mr. Hoemeister. I think the Congress should look at short-term, 
medium-term and long-term solutions in a comprehensive strategy 
that would take into account everything from more access to the 
new and developing technologies of the future. If we do not look at 
it short term, medium term, long term, we will suffer enormously 
in the next several years from a shortage, a continuing shortage of 
hydrocarbons. 

Mr. Sensenbrenner. Mr. Robertson. 

Mr. Robertson. Well, I think there are a lot of things that the 
Congress can do. I think, you know, starting to leave an efficiency 
message to the American people is the first most important thing, 
but after that, I think we need access to all kinds of energy sup- 
plies, renewables and oil and gas. 

The single biggest thing I think would be to open up the 85 per- 
cent of the offshore acreage in the United States that is currently 
unattainable. I think it is unrealistic to ask the rest of the world 
to open up their areas without us doing the same ourselves. 

Mr. Sensenbrenner. Mr. Lowe. 

Mr. Lowe. Yes, we need to support all forms of energy, but par- 
ticularly as my colleagues have said, we need more access here in 
the United States. 

Mr. Sensenbrenner. Mr. Malone. 
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Mr. Malone. Congressman, access is number one, but I would 
also emphasize the huge potential that sits north of us in Canada, 
as we have the Saudi Arabia of North America sitting there ready 
to provide us with needed energy. 

Mr. Sensenbrenner. Okay. Now, that all being said, I guess the 
common thread that I have heard from each of you is that we need 
more access, and you have all alluded to where the access is. 

If you got the access, would you have the refining capacity to be 
able to increase the supply to the consumer and thus at least take 
the pressure off of ever increasing prices? We have not built a new 
refinery in this country in 30 or 35 years. So if you have the access 
but you cannot refine it, how do you get the product to the con- 
sumers at at least the same price if not a lower price? 

Why don’t we start with Mr. Malone? 

Mr. Malone. Access, for example, two of our projects are to ex- 
pand our existing refineries with the use of access being allowed 
on Canadian heavy crude. Both of those, that will result in some- 
thing like 2.2 to 2.5 million gallons a day more gasoline. So phys- 
ically we can expand our refineries, which we have been doing for 
years. 

Mr. Sensenbrenner. Mr. Lowe. 

Mr. Lowe. Yes, we are spending billions of dollars to expand not 
only the capacity of our refineries, but also the capability of our re- 
fineries to run these heavier crudes, but we have encountered sig- 
nificant difficulties. Even though we are trying to increase capacity 
and produce cleaner fuels, we have encountered significant dif- 
ficulty in permitting these projects. 

Mr. Sensenbrenner. Mr. Robertson. 

Mr. Robertson. The U.S. use of oil in the last few years has 
been about flat. So if we produce more oil and gas in the United 
States, we would have to import less. We have the refining capacity 
in the United States to deal with the market today, I think. So I 
think the issue is around if you produce more oil in the United 
States, more on the world market, prices directionally are lower. 
We import less. 

Mr. Sensenbrenner. Mr. Hofmeister. 

Mr. Hofmeister. I mentioned the $7 billion investment that is 
currently ongoing in Port Arthur, Texas. This will more than dou- 
ble the size of a refinery and take it to over 600,000 barrels a day, 
one of the world’s largest. I think we have the refining capacity to 
meet future demand. 

Mr. Sensenbrenner. My time is up, but can I ask Mr. Simon to 
put his two cents worth in? 

Mr. Simon. We have expanded our capacity at a rate 50 percent 
higher than industry. We do not think we will have any issues in 
terms of continuing to expand our existing capacity sufficient to 
meet demand in the future. 

Mr. Sensenbrenner. Thank you. 

The Chairman. The gentleman’s time has expired. The Chair 
recognizes the gentleman from Oregon, Mr. Blumenauer. 

Mr. Blumenauer. Thank you, Mr. Chairman. 

I would just make a request. Mr. Simon, not now because you 
wouldn’t have time to explain it and I would like to see it on paper, 
if you could just explain? Have someone submit to the Committee 
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the accounting assumptions that are used to explain how you pay 
more in taxes than you earn in the United States, what assump- 
tions you are making about downstream business versus upstream 
profits overseas would be very useful for me. 

I appreciate the couple of references that were made to the de- 
mand side of the equation. Mr. Hofmeister, I don’t think you got 
to it in your testimony on page 9, but you talked about land use 
and demand management and how people use the automobile, no- 
tions about some very specific things that we need to think about 
in terms of 17 boutique. I mean, these are important things for us 
to hear. 

But there are two points, I guess, that I would like to just zero 
in on. There are implications here that if we just opened up all our 
sensitive areas to oil exploration, that somehow we wouldn’t be in 
the fix that we are in today. But your testimony referenced the fact 
that we are five percent of the world’s population with three per- 
cent of the world’s proven reserves. And we are consuming 25 per- 
cent of the world’s oil supply. 

Do any of you think any circumstance that we wouldn’t be in a 
serious situation today given those facts and that we are going to 
need to change it in the future? Anybody think this is sustainable? 

Mr. Robertson. Well, I think in my testimony, I think I said it 
is not sustainable. 

Mr. Blumenauer. Does anybody think the current situation is 
sustainable? Thank you. 

Mr. Simon. Well, I certainly feel that we are going to be able to 
meet increased requirements given access and given the oppor- 
tunity to do so. 

Mr. Blumenauer. Which is different than the current situation 
of being sustainable with 25 percent. Is there any reason that any 
of you think that American technology, conservation, demand man- 
agement, that over the next 10 or 15 years, we can’t at least come 
close to what other countries are doing in western Europe, in 
Japan? Is there any reason we can’t come close to reducing our per 
capita energy utilization over the next 10 or 15 years with those 
mechanisms? 

Mr. Robertson. I think we can do an awful lot on demand man- 
agement. I think I said that was the most important thing that we 
can do. 

Mr. Blumenauer. But can we catch up with the Japanese 

Mr. Robertson. Yes. 

Mr. Blumenauer [continuing]. And the Europeans over the next 
10 or 15 years? 

Mr. Robertson. Yes, I think absolutely. We have a company 
called Chevron Energy Solutions that delivers energy efficiency 
services to other public agencies and to companies. They have done 
800 projects over the last few years. Many of them involved putting 
in solar panels, putting in fuel cells, putting in whatever it takes 
that particular facility to reach their energy use. 

Mr. Blumenauer. Mr. Robertson, I appreciate your clarification. 
I think that is very important. I appreciated what a number of you 
said in terms of diversifying and to being truly global energy com- 
panies. 

Mr. Robertson. But there is 
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Mr. Blumenauer. Now, I would like 

Mr. Robertson. And the energy cost is 30 percent on average of 
the places they have been. 

Mr. Blumenauer. What I would like to do is just with my re- 
maining seconds is to clarify on the last point because you, some 
of you more aggressively than others, understand that the future 
is going to be weighted in significant ways towards renewable ener- 
gies, towards solar, towards — some of you are doing geothermal 
now — ^biofuels, wind. 

I am curious at what point the mature part of your business, the 
oil production, which didn’t even have the manufacturing benefit 
up until 2004, at what point it is mature enough that we can focus 
the subsidy on areas of the emerging energy business and, in fact, 
many of you are involved with that appear to need it more, like 
wind and like solar. At what point do we make that switchover? 

Mr. Hofmeister. I think in the first instance. Congressman, 
your time frame of 10 to 15 years is too short. I think there is too 
much to be done to change behaviors, technology, and to refieet 
America, so to speak. 

We don’t have the benefits of the dense housing that exists in 
other parts of the world. So we have long commutes. We don’t have 
the benefits of mass transit systems. 

But, coming to your more recent question, I think that the issue 
that is most troubling in terms of the 199 withdrawal is a fact that 
the Congress is punishing 5 companies by name. I think that there 
is a 

Mr. Blumenauer. My point is, at what point do you no longer 
need it and it can be shifted to areas that do? 

Mr. Hofmeister. You know, we are mature already. We are suc- 
cessful as a company. I testified two years ago that we are not ask- 
ing for a 

Mr. Blumenauer. And wind and solar are not yet as mature? 

Mr. Hofmeister. Wind and solar have lots of obstacles to over- 
come, even though we are investing today and moving as rapidly 
as we can. There is not enough turbine manufacturing. There are 
not enough transmission lines to make wind viable in terms of 
rapid growth. 

Mr. Blumenauer. Thank you. I see my time has expired. I ap- 
preciate your clarification. 

Mr. Chairman, I appreciate your indulgence. I guess my only 
concern is that we ought to be serious about taking this as some- 
thing in terms of the time frame being too long. I think 10 to 15 
years may be actually that we don’t have that much time as gaso- 
line goes to $5 and $10 a gallon, a supply becomes more tenuous, 
as the global warming reality sets in. 

And I suspect with your help and with a couple of reauthoriza- 
tion bills and a national strategy for infrastructure, I think we 
could put these pieces together sooner. I don’t know that we have 
a choice. 

Thank you, Mr. Chairman. 

The Chairman. The gentleman’s time has expired. 

The Chair recognizes the gentleman from Arizona, Mr. Shadegg. 

Mr. Shadegg. Thank you, Mr. Chairman. 
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Gentlemen, this is a hearing structured to deliver a fair amount 
of criticism to you. It seems Congress is good at that and not nec- 
essarily good at pointing a finger at itself 

I want to ask you about a policy that this Congress enacted 
which I think deserves some criticism itself. It is my understanding 
that as a result of a loophole in the U.S. Tax Code, we have created 
a policy now recognized as splash and dash, where we created an 
incentive to produce biodiesel and enacted policies which provide 
that if you add as little as one gallon of biodiesel to 99 gallons of 
diesel produced by standard means and then you export that fuel, 
the U.S. government will provide you a dollar a gallon subsidy. 
This has become known as splash and dash. 

It has cost the American taxpayers, I believe, $30 million. Sev- 
eral attempts have been made to repeal this by the Congress in the 
last few years. None have done so. I understand Senator Schumer 
is working on a repeal. 

I would like to just begin by asking each of you if you are famil- 
iar with that and if you think there is any justification for that 
kind of a waste of American taxpayer dollars. 

Mr. Simon. Congressman, our position is that we do not need 
and should not have incentives to encourage us in the renewables 
area. If there is an opportunity there and it will make sense, it 
ought to stand on its own. And free enterprise will go after it. 

Mr. Shadegg. Are any of you aware of this splash and dash prac- 
tice, where biodiesel is added? 

Mr. Robertson. Yes. 

Mr. Shadegg. Yes, sir, Mr. Robertson? 

Mr. Robertson. I am aware of it. I think you characterized it 
probably right. We haven’t taken advantage of it and don’t need it. 

Mr. Shadegg. My characterization is quite accurate, then? 

Mr. Robertson. It is pretty accurate, yes. 

Mr. Shadegg. And it is costing the American taxpayers as a re- 
sult of this subsidy. And, as I understand it, the diesel fuel is actu- 
ally then being exported. So the 

Mr. Robertson. I don’t know. I can’t confirm the number that 
you said in terms of the millions of dollars, but I think your charac- 
terization of it as a way to export and take advantage of credit is 
right. 

Mr. Shadegg. I certainly hope that that kind of a loophole can 
be closed very quickly and that it makes no sense for us to be sub- 
sidizing foreign use of our diesel fuel to encourage the production 
of biofuels here in the United States. And it is my understanding 
that it has that economic impact. It is a dollar per gallon by simply 
adding one gallon of biodiesel to 99 gallons of regular diesel. 

Mr. Simon, can you tell me what percentage of the world’s ten 
biggest oil companies or natural gas companies are owned or oper- 
ated by foreign governments? 

Mr. Simon. Well, if you look at the top companies, only about 2 
of the top 13, as I recall, are national oil companies. And the rest 
of them are international oil companies. 

Mr. Shadegg. And do you know what percentage of the world’s 
proven reserves U.S. oil companies control? 
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Mr. Simon. Well, I know what it is in terms of national oil com- 
panies. It is about six percent. I am sorry. The international com- 
panies is six percent. National oil companies is about 80 percent. 

Mr. Shadegg. Mr. Hofmeister, you testified that U.S. oil produc- 
tion has declined, I believe you said, over the last — I am not sure 
if you said decade. While our demand has gone up, our production 
has gone down. 

Mr. Robertson, you explained that we have enacted increasing 
policies to restrict access to fuel supplies here. And you expressed 
concern about the rest of the world being asked to produce more 
energy supplies while we are restricting access to energy supplies 
here. 

One of my colleagues up here said, well, perhaps you were sug- 
gesting that the answer is that we be allowed to drill in every sen- 
sitive area. I suspect there are areas that are less sensitive than 
others. And I suspect that or I would like to know, is there a cor- 
relation between the number of areas that have been reserved or 
locked off over the last decade and the decline in production and 
are there areas that you could point to where we could be explor- 
ing, either of you or any of you, where we could be exploring for 
reserves or using reserves that are there to increase production 
here in the United States without doing environmental damage? 

Mr. Robertson. Well, I mean, you know, one of the things that 
I would point out is that the offshore, most of the offshore, in the 
United States has not been looked at with modern technology in 
many, many, many years. It was really 1980s and 1970s tech- 
nology, seismic technology, that looked at that. 

So the first thing that I think would make sense to do — and the 
government, frankly, could do this — is sponsor a seismic survey of 
the offshore, of the entire continental shelf of the United States. 
And then at least you would be talking about facts. 

You would know what was prospective and what wasn’t perspec- 
tive. You could look at the areas that were environmentally sen- 
sitive and the areas that aren’t environmentally sensitive. And you 
could zero in and be debating on real information, as opposed to 
worrying about the whole offshore, because it is pretty clear that 
there are going to be some areas that are prospective for drilling 
and there are going to be some areas that aren’t. 

So at least you could narrow the playing field, it seems to me, 
very dramatically and figure out where the likelihood of America’s 
opportunity is. 

Mr. Shadegg. And do you believe that is substantial? 

Mr. Robertson. I believe it is substantial, very substantial, yes. 

Mr. Simon. Mr. Hofmeister. 

Mr. Hoemeister. Absolutely. I think knowing what we know 
from past surveys, I think the API estimates there are more than 
100 billion barrels of reserves that are not coming from what some 
people might term sensitive areas. These are outer continental 
shelf deposits that have been there for geological areas. 

And not having had access for some 30 years, we have seen this 
steady increase in imports and steady decline in American produc- 
tion. We have geared our exploration and production to around the 
world, rather than the United States. 
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Mr. Shadegg. I thank you for your testimony. I assume tech- 
nology has improved in that 30 years in terms of protecting the en- 
vironment. 

The Chairman. The gentleman’s time has expired. 

The Chair recognizes the gentleman from Washington State, Mr. 
Inslee. 

Mr. Inslee. Thank you. 

First off, we need to say something good about the industry here. 
One point of this hearing, I want to congratulate BP for meeting 
their Kyoto CO 2 reduction targets of their internal operations with- 
in, I think, three or four years, showing that this can be done. It 
is a good example for the rest of us. 

I want to ask, — this is a question to all of you — did you or any 
of your associates participate in the secret Vice President Dick 
Cheney Energy Task Force in 2001? 

Mr. Robertson. We did not. 

Mr. Hofmeister. I testified previously the answer is no. 

Mr. Simon. No. 

Mr. Malone. Yes. 

Mr. Inslee. And, Mr. Malone, could you make your documents 
related to that, secret meetings, available to the Committee? 

Mr. Malone. Yes, sir. 

Mr. Inslee. Thank you. We would make that request. 

Mr. Simon, listening to your testimony makes me even more con- 
vinced that we need to act to create an incentive for decision-mak- 
ers and industry to really make real investments in the clean en- 
ergy revolution, rather than relatively small ones. 

And the reason I say that is that listening to you, as far as I can 
tell, you are spending less than half a percent of your gross reve- 
nues on clean energy research. Is that right? 

Mr. Simon. It would be a very modest amount. I would acknowl- 
edge that. But I would not acknowledge that we are not doing a 
lot to address greenhouse gas emissions. 

Mr. Inslee. Well, considering that we have to cut our greenhouse 
gas emissions 80 percent in this country below our levels by 2050, 
would you agree that if your company continues on its present 
course, it will fall several hundred orders of magnitude short of 
what we have to do to prevent cataclysmic global climate change? 

Mr. Simon. Well, the assumption there that that is required in 
order to do that, I would 

Mr. Inslee. How is it going to happen? I mean, oil isn’t going 
to, all of a sudden, become clean. We need to do the research to 
figure out these technologies. 

Mr. Simon. No, but the fact is that we are going to have oil and 
gas and coal. And it is going to constitute about 80 percent of the 
energy equation. 

With that as a given, how do we then address and do what we 
can to mitigate greenhouse gas emissions with that being the case? 

Mr. Inslee. Would you agree with me, sir, that if Exxon con- 
tinues on its present course of having less than one-half of one per- 
cent of its revenues associated with clean energy sources other 
than oil and gas, that the world is going to suffer significantly un- 
less Exxon and its like changes its behavior? 
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Mr. Simon. No, I don’t agree with that. And I think we can do 
a lot more in terms of emitting greenhouse gas emissions by focus- 
ing on the areas that we are, transportation, efficiency improve- 
ments being one. 

Mr. Inslee. So if you don’t put research dollars into it, is it going 
to come from the oil fairy somehow? These new technologies are 
going to show up? 

Mr. Simon. No. 

Mr. Inslee. We have got to put some real money in this, don’t 
we? 

Mr. Simon. Given the fact that, again, we got oil and it is in our 
equation and it is going to be a significant factor, we are focusing 
on how do we make the use of that oil much more efficient. 

Mr. Inslee. Well, let me suggest — I hope that you will go take 
from this hearing a much more optimistic viewpoint of our capa- 
bility. 

You mentioned the money you are putting into Stanford. I was 
at Stanford last weekend talking to their scientists. And I was very 
excited by going over a report called a renewable energy solution 
to global warming presented by Mark Jacobson, Atmospheric En- 
ergy Program, Department of Civil and Environmental Engineer- 
ing, Stanford IJniversity. 

And what they concluded — and I will just read you a couple of 
sentences in the summary — “The U.S. could replace all on-road ve- 
hicles with battery electric vehicles powered by 71,000 to 122,000 
5-megawatt wind turbines less than the 300,000 airplanes the U.S. 
produced during World War II. Wind battery electric vehicles could 
reduce U.S. carbon dioxide by 25.5 percent. Solar battery electric 
vehicles can reduce it by 23.4 percent.” 

Now, would you agree with me that this, a vision from Stanford, 
the folks that you are giving some money to, is one that the United 
States really needs and that with your pathetically small research 
budget we are not going to meet unless something changes? 

Mr. Simon. No, I don’t agree with that. Congressman. And I 
would invite you to go look for yourself at what we are doing in 
a global climate and energy project. I think you would find it to be 
quite significant. It has long-term very significant impacts in terms 
of what it can do on the energy equation and greenhouse gas miti- 
gation. 

Mr. Inslee. We actually did ask your company to give us the in- 
vestments they were making in this, and you refused to give it to 
us. But you have helped us by telling us it is less than one-half 
percent. 

Now, I can tell you that there are a lot of constituents that think 
that that is an inadequate contribution to the future of the planet 
Earth. And I just hope things change. And obviously we have got 
to change them by changing this tax policy. 

Thank you. 

The Chairman. The gentleman’s time has expired. 

The Chair recognizes the gentleman from Oregon, Mr. Walden. 

Mr. Walden. Thank you very much, Mr. Chairman. 

I just have to ask this question because I know if my constitu- 
ents were here, they would ask it. With your record high profits, 
have you thought of lowering the price of gasoline with any of that? 
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I mean, I am a small business owner for 21 years. There is that 
margin where you don’t have to charge quite as much if you are 
making a profit. 

Mr. Hofmeister. Could I say something in favor of profits? Prof- 
its are what enable capital investments to increase the supply. 

Mr. Walden. You are talking to a capitalist. 

Mr. Hofmeister. Lowering our prices happens in many markets 
based upon local supply and demand. The prices go up. The prices 
go down. These prices are set at the street level in the local mar- 
ketplaces where they come from. 

The global price of crude, however, is the real issue. That is the 
real problem in the cost of gasoline. And the global price of crude 
will not go down unless the supply increases. 

Mr. Walden. Or the demand goes down. And that is what I fear 
is happening in our country today. It is not that the demand is 
going down because of conservation. The demand is going down be- 
cause our economy is taking a big hit. The people are having to 
make some really tough choices. 

You have got the independent truckers today that are boycotting 
or striking to send a message. I mean, we are at a very, very per- 
ilous time in our economy right now. 

I am not against profits. Don’t get me wrong. Again, I am a small 
business owner for 21 years. I understand that it’s important to 
make the next set of capital investments. I also understand the re- 
investment can come to helping your consumers once in a while, 
too, in terms of price where that is appropriate. 

Mr. Robertson, I have a question for you regarding ethanol. I un- 
derstand that Chevron blends — about 40 percent of gasoline that 
you sell in the United States has ethanol in it. Can you speak to 
us about the volatility in price that has specifically been documents 
related to ethanol in that mix? Is that driving gas up or not? 

Mr. Robertson. I think ethanol prices have been pretty erratic 
here in the last couple of years. And they were 

Mr. Walden. Is your mike on, sir? 

Mr. Robertson. Yes, it is. 

Mr. Walden. Okay. 

Mr. Robertson. Ethanol prices have been pretty volatile over 
the last couple of years, but I think it is a very small part, frankly, 
of the price of gasoline. I think it has been already testified 70 per- 
cent of the price of gasoline is crude oil, 15 percent of the price of 
gasoline is taxes. 

So the balance, effectively, if you take today $100 oil and 42 gal- 
lons is $2.50, 2.50 a gallon is crude oil, add 40 cents for taxes, 
$2.90, there isn’t much left. So I think, frankly, even though eth- 
anol is about five percent of our gasoline, that volatility hasn’t had 
that much of an effect. 

Mr. Walden. Okay. I appreciate that. I used to chair the For- 
estry Subcommittee and have been very interested in your partner- 
ship with Weyerhaeuser in terms of biofuels. And I know my col- 
league from South Dakota and I both have been real interested in 
trying to correct a wrong in the energy bill that passed. It said 
woody biomass of federal forest lands or unless it has grown spe- 
cifically for biomass, doesn’t count toward renewable fuels stand- 
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ard, which seems sort of bizarre if we are serious about getting to 
the next generation of fuels. 

Can you talk to us about any breakthroughs you are seeing on 
cellulosic development, where we can turn woody biomass into a 
fuel we can burn in our vehicles at an economic rate? 

Mr. Robertson. You know, I don’t think I can tell you much 
about any new breaks. I mean, the JV with Weyerhaeuser is rel- 
atively new, although we have been working with them for about 
a year. 

Mr. Walden. Right. 

Mr. Robertson. The thing that is important is they have got a 
huge amount of forestry, obviously, and timberland in the United 
States 

Mr. Walden. Right. 

Mr. Robertson [continuing]. And a lot of knowledge on chem- 
istry of forest products. We have got a lot of knowledge on fuels 
and the chemistry of fuels. And we are pretty convinced that, work- 
ing together, we can come up with something that we can create, 
make into a commercial scale project. But at the moment, it is real- 
ly about technology and about trying to find the breakthrough. 

We have also got a whole series of partnerships with universities: 
one in Georgia Tech, which deals with forest products; one in UC 
California, Davis because they have got different kinds of agricul- 
tural projects there; one in Texas, so different places, trying dif- 
ferent kinds of feed stocks. But I can’t report any breakthroughs 
yet. It is not that the science doesn’t work. It is the scale, the scal- 
ing. 

Mr. Walden. Right. 

Mr. Robertson. We have got the science in lots of places. We 
just 

Mr. Walden. I think it holds great promise, indeed. 

Mr. Robertson. Yes, I think it is great promise. 

Mr. Walden. Mr. Malone, while you are here, I also serve on the 
Energy and Commerce Committee and the Oversight Investigation 
Subcommittee. And we did some oversight hearings on your pipe 
issue up in Alaska. Can you give us an update on the security of 
that piping system up there? 

Mr. Malone. Thank you. Congressman. I remember the hearings 
well. 

Yes. Excellent progress. As you know, we said we would have it 
done in two years. Because we have to do it during the winter sea- 
son, with our partners, the lines have now been replaced. 

We are finishing up the last bit of it. It will be done on schedule, 
maybe even ahead of time. We actually have oil flowing through 
the one section of the new transit line. 

Mr. Walden. And the last time I was in Alaska, there was a dis- 
cussion about the end of the Prudhoe Bay oil because the amount 
it takes to come down the pipeline may get to a point where it is 
just not adequate to flow. Can you give us an update on the status 
of that and the effect to the market when that happens? 

Mr. Malone. Well, first of all, there are lots of opportunities. 
Again, there are several of us producing up there. But from our 
perspective, we see a 50-year future if we are able to move into 
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some of the heavier oils and also the in-field enhancements that we 
have. 

We originally thought we would recover somewhere around 25- 
30 percent of the oil. This field has the potential actually to recover 
65 percent. So right now we are working as hard as we can to con- 
tinue the flow from Prudhoe Bay. 

Mr. Walden. Thank you. And thank you, Mr. Chairman, for your 
indulgence. 

The Chairman. The gentleman’s time has expired. 

The Chair recognizes the gentleman from Connecticut, Mr. 
Larson. 

Mr. Larson. Thank you, Mr. Chairman. And thanks to all of the 
witnesses as well for your testimony. 

I want to make an assumption. I think it is pretty broad but 
pretty clear that your primary responsibility, your primary fidu- 
ciary responsibility, is to the shareholders of your companies. And 
when you make decisions based in the free enterprise system and 
in the marketplace, it is based on results for the shareholders. Is 
that a fair assumption? Is there anyone who would disagree with 
that? 

When we make decisions — and a lot of our decisions are policy 
decisions based on the citizens that we are sworn to serve. And 
there was a lot of testimony and very productive testimony. And 
thank you for that. 

I want to get back to this whole issue of supply and demand. In 
my district, the independent Connecticut petroleum dealers’ asso- 
ciation is saying that whole system has gone amuck. The laws of 
supply and demand are not operating on the street, as you were 
alluding to, Mr. Hofmeister. 

I understand in general what you are saying, but in the instance 
of particularly oil and gas, we have seen this speculation. We see 
people who do not either receive or store oil but are pushing paper 
forward and causing the artificial rise in price of oil. 

Do you agree with the independent petroleum council or are they 
way off base here? Start with Mr. Simon. We will go right down 
the line. 

Mr. Simon. When you look at the fundamentals of our business. 
Congressman, the supply/demand fundamentals, our assessment 
would be the price should be somewhere around $50-55 a barrel. 
There is a disconnect. 

To me, there are three factors that contribute to that. One is the 
monetary issue, the weaker dollars we have already talked about. 
The other is geopolitical risk. And the third, we believe, is specula- 
tion. And you could probably break that into three parts. And it is 
about 30 to 40 percent of 

Mr. Larson. Would most of you agree with that assessment or 
would you alter your assessment? Most of you would agree with 
those three factors? I would agree with those three factors. What 
would you do about the 

Mr. Robertson. I think the price of the dollar is part of it as 
well. 

Mr. Larson. Okay. What would you do about the speculators? 

Mr. Robertson. What would I do about — I mean 
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Mr. Malone. How do we get rid of the Jim Fisks and Jay Goulds 
of the crude oil? How do we stop this artificial infiuctuation of 
prices? 

Mr. Robertson. Well, I agree with what was just said, that the 
main things that I think are driving the price of oil are the huge 
demand in the world, the reduction in spare capacity in the world, 
the price of the dollar. 

Mr. Larson. Because of the economy, we have just witnessed 
that demand is lessening here. Hopefully through conservation, de- 
mand will lessen as well. And, yet, we see 

Mr. Robertson. We are part of a world system. And the 

Mr. Larson. We are part of a world system, but here in this 
country, we are responsible to our citizens. And how do we say? As 
I said at the outset, how do you turn to the lady who has to turn 
over an entire Social Security check to pay for her oil bill? That the 
laws of supply and demand are in effect? 

How do we deal with the fact that people can in this system ma- 
nipulate the price in such a manner that, even through all of your 
good efforts — and then it has us saying to you, in turn, “Hey, what 
do you need that tax cut — what are spending? What are we giving 
you a tax break of $107 billion for?” 

People at Augie & Ray’s in my hometown are asking that very 
question. 

Mr. Robertson. We have chosen by our policy to be dependent 
on oil from overseas. That is our choice. We chose not to develop 
our own resources in this country. That was our choice. And the 
fact of the matter is we are part of the world. We are part of the 
growing demand in the world. And we 

Mr. Larson. As long as it is more profitable. What incentive is 
there for you to develop alternatives as long as it is profitable and 
you are able to get the rates that you are currently able to get? 
And if your sworn fiduciary responsibility is to provide the greatest 
return for your shareholder, geez, I don’t know, 

Mr. Robertson. We are spending a lot of 

Mr. Larson [continuing]. But it seems to me like, hey, if I were 
one of your shareholders, I would be saying, “You know, they are 
not doing a bad job. I am getting a pretty good yield on my dollar 
here.” 

But if I am a citizen of this country, I am saying, “We are not 
making out so well here.” 

Mr. Robertson. Our shareholders only get return if the cus- 
tomers are being satisfied with the product. If we don’t sell a prod- 
uct that our customers want, that our shareholders are going 
to 

Mr. Larson. This is a matter of customers not — they don’t have 
a choice here. When it is between heating your home or freezing 
to death, that is not much of a choice. You know, when it comes 
down to whether or not you are able to get back and forth to work, 
that is not much of a choice. 

Mr. Robertson. Oh, I understand 

Mr. Larson. It is what my grandfather says. Trust everyone but 
cut the cards. And somewhere in here, there is a disconnect. We 
need your help in trying to fix this disconnect. 
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Mr. Stupak was here, who left, also has proposals that are talk- 
ing about the manipulation of the market. I guess 

Mr. Robertson. We are doing our damnedest to fix this. We are 
spending as much money as our company can with our human peo- 
ple that we have and the infrastructure that exists. We are spend- 
ing as much as we can to produce energy for the people in this 
country and the people in the world. We don’t know how to 

Mr. Larson. My time is up, but I would be interested if you, all 
of you, could in writing — I would love to hear your opinions on 
what you would do to the speculative side of this market that dis- 
torts the entire market and your integrity as well. 

The Chairman. The gentleman’s time has expired. 

The Chair recognizes the gentle lady from Michigan, Mrs. Miller. 

Mrs. Miller. Thank you, Mr. Chairman. 

And I did mention in my opening statement and I would then 
agree with some of the comments that have been made by some of 
our witnesses here that we have made a choice as a nation, unfor- 
tunately in my estimation, not to advantage ourselves of much of 
our own energy supplies. And that is to our own disadvantage, I 
think. 

But, however, we have made that choice as a nation. But, as has 
been mentioned, we are in a global market for energy. And so my 
first question would be in regards to supply. 

Being from Michigan, a border state, we look across to our won- 
derful neighbors in Canada. And we see all of the oil sands that 
are there. One of you mentioned about the oil sands. 

I am just wondering, what is the actual percentage of our foreign 
supply that we get to the United States actually comes from Can- 
ada now? In regards to the oil sand, could any of you tell me gen- 
erally what you think the potential might be there for an increase 
in the supply to us from Canada? And I also have an interest — I 
mean, I have heard, for instance, that China is up there trying to 
lock down a contract for as much as they can of the oil sands. 

And then also in regards to the process of refining, I believe it 
is Shell that is going to be about 20 miles from my district, actu- 
ally, on the Canadian side was building a very large refinery for 
the oil sands, the Canadian oil sands. I am not sure who I am di- 
recting this to. 

Mr. Lowe. 

Mr. Lowe. ConocoPhillips is the largest landholder in the Cana- 
dian oil sands. And we have a number of different projects 

The Chairman. Is your microphone on, Mr. Lowe? 

Mr. Lowe. Yes. Sorry. 

The Chairman. If you could move in a little bit closer, please? 

Mr. Lowe. ConocoPhillips is the largest landholder in the Cana- 
dian oil sands. We have a number of very good projects, each multi- 
billion-dollar projects, that we are advancing. And we believe that 
ultimately the Canadian oil sands can supply about 20 percent of 
the U.S.’s oil needs. 

But we are going to have to develop our refining infrastructure 
and our pipeline infrastructure to make sure we can get that crude 
into our refineries and make sure our refineries can process the 
heavier crude. 
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Mrs. Miller. Twenty percent? What is it currently how much, 
approximate percentage? 

Mr. Lowe. It is relatively small. 

Mrs. Miller. I see. 

Mr. Robertson. I will make a comment. The U.S. uses about 20 , 
a little over 20 , million barrels a day of oil. Today there are about 
2 and a half million barrels a day of oil comes from Canada. 

So our largest importer, our largest imports of oil, come from 
Canada. Second largest come from Mexico. But the oil sands, as 
was described, could potentially be two or three million barrels a 
day, maybe higher than that. So they could double the input from 
Canada and be 10 percent or 15 or 20 percent of U.S. demand. 

Mrs. Miller. When do you see that happening? I mean, what 
time frame? Two years? 

Mr. Robertson. No, no. 

Mrs. Miller. A hundred years? 

Mr. Robertson. Ten, 15, 20 years. 

Mrs. Miller. I see. Mr. Malone. 

Mr. Robertson. It is going to build up over time. 

Mr. Malone. I just wanted to add that, you know, we have two 
Midwest refineries, one in Indiana, one in Ohio, that through ei- 
ther joint ventures now or through supply agreements, we are 
going to expand both those refineries to take on a significant, es- 
sentially completely have a Canadian crude for the Midwest, again 
including your state, it is somewhere in the area of 2.6 million gal- 
lons more a day. So the supply is there. 

Mr. Hofmeister. I think a point should be made that the oil 
sands are successful because of a national energy strategy that was 
developed by our neighbor to the north. We have the same oppor- 
tunity in this country to develop a national energy strategy. 

The United States is blessed with more than a trillion barrels of 
potentially recoverable resource in the oil shale of Colorado, Utah, 
and Wyoming. 

We have. Shell has, been in that region for more than 20 years 
testing, experimenting, environmentally sound ways to potentially 
extract that resource. And we do not see support coming forward 
to make that a reality in terms of national policy. And it might be 
something for Congress to consider. 

Mrs. Miller. Congress doesn’t always do well in national policy. 
And, Mr. Hofmeister, I know in your testimony, you said you ap- 
plauded the higher CAFE standards. But the domestic auto indus- 
try, my personal observations are, we are going to end up bank- 
rupting the domestic auto industry because of the mandates that 
we put on it. But I appreciate what you have said there. 

I only have 30 seconds left. What about China? We keep hearing 
about China up there contracting for the oil sands. Does anybody 
have any comment on that and what is happening there that might 
shut us out of the supply? 

Mr. Robertson. I don’t see they are going to shut us out of the 
supply. I mean, China is in many ways just like the United States. 
They are competing in the world for energy supplies. We are com- 
peting with them. They are investing in projects around the world, 
just like we are. 
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They are investing in Canadian projects, like we are. But I don’t 
think there is any shutout by Canada. In fact, most of the oil in 
Canada mostly like is going to come south to the United States. 

Mr. Simon. I would agree with that. I think we also have to be 
careful about passing legislation here that would cut us off from 
that supply of heavy tar sands and heavy oil from Canada, which 
I think is a real issue that Congress needs to address. 

Mrs. Miller. Thank you, Mr. Chairman. 

The Chairman. The gentlelady’s time has expired. 

The Chair recognizes the gentleman from Missouri, Mr. Cleaver. 

Mr. Cleaver. Thank you, Mr. Chairman. I am going to try to ask 
short questions and so I can get short answers in my time. 

My father worked all of his life. He never earned more than 
$25,000 a year. And there were years that he actually worked three 
jobs, most of the time just two. He sent four children to college. He 
is 86 years old. 

There will be people like my father all over the country. And I 
will have some of them at a meeting next Saturday when I do my 
monthly coffee with the congressmen. 

Mr. Simon, what can I say to them to help them understand how 
Lee Raymond received a $400 million severance package from 
ExxonMobil, which translates into $141,000 a day? What do I say 
next Saturday to the people who come to my meeting who are 
struggling to get to work now because they can’t afford to put gaso- 
line in their car? 

Can you help me get them to understand how it is okay for Mr. 
Raymond to get a $400 million package and they struggled and oil 
company profits are at an all-time high? 

Mr. Simon. Well, I would hope that would be behind us by now. 
Congressman, but I would just 

Mr. Cleaver. Why? 

Mr. Simon [continuing]. Point out, as we have said before 

Mr. Cleaver. Why? 

Mr. Simon. Because that is in the past. It hasn’t been adhered 
recently. What 

Mr. Cleaver. Well, we can only talk about gas prices from yes- 
terday. I mean, everything we talk about here is in the past. 

Mr. Simon. Well, I agree, but yesterday is a lot different than, 
let’s say, when that occurred. But I believe, as we testified before, 
when you break down that, I think there was a misconception of 
how much of that was due to past, how much of it was due to fu- 
ture, and how much was due to current earnings there. And I think 
it was blown out of proportion. 

Mr. Cleaver. So you think I should tell people in my district and 
probably all over the country that the $400 million package was 
blown out of proportion? 

Mr. Simon. I think when you look at it. Congressman, and you 
break it down and you look at that pay package relative to others 
that were doing the same kind of jobs, you would consider it was 
competitive. And it was done by outside directors. There was not 
management involved in that at all. And they looked at others to 
make sure we are competitive. 

Mr. Cleaver. This is a rhetorical question. Whatever happened 
to shame? 
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Since we are having difficulty providing access that I think all 
of you agreed that we need, are any of you right now going back 
to oil wells that were tapped out or deemed to be somewhat unprof- 
itable when oil was sold at a far less price? I mean, are any of you 
now unplugging or upgrading old wells? 

Mr. Robertson. Well, we are certainly going back to facilities 
that maybe oil fields that are producing and looking at the oppor- 
tunity to put more technology into those oil fields and more ways 
to extract more from those wells. 

So, for example, in the San Joaquim Valley in California, where 
we have a big field, that field has now been producing for 100 
years. It is likely to get up to — originally we probably thought we 
would be able to recover 320 percent of the oil that is in that field. 
Today we are looking at ways to get up to 80 percent. 

So more technology, higher prices obviously lead to the oppor- 
tunity to put more money and more technology into existing fields 
that can make them last a lot longer and make them increase the 
production. So in that sense, yes. 

Mr. Cleaver. We could get the impression that the oil industry 
is struggling. I mean, if you listen, you don’t think it is struggling. 

Mr. Hofmeister. I think we struggle for access. Congressman. 
We struggle for access in which we can have appropriate invest- 
ments that are making the return on that investment worthwhile. 

In other words, we are looking for the ample reserves. We could 
spend an awful lot more money with very low return if we were 
looking in the old fields in which a lot of that oil has already been 
extracted. 

I agree with my colleague that there are wonderful technical op- 
portunities to get more from existing fields, but until the nation 
has a means by which we could use, for example, CO 2 for enhanced 
oil recovery in the large quantities that would be necessary, many 
of these old fields will not have the ability to produce a lot more 
oil. 

Mr. Cleaver. All of your companies are doing well, right? 

Mr. Robertson. Well, we are working darned hard. I mean, we 
have got a big challenge to meet. We have got the world, including 
this country, that needs a lot of energy. And we are spending and 
putting more human energy into these investments into these 
projects than we ever have before. So life is not easy. 

Mr. Cleaver. Well, you are stuck in the 85.13. I think Exxon 
was 85.45 closed out yesterday. That doesn’t sound much like a 
struggle. 

Mr. Robertson. I didn’t say it was a struggle. I said we were 
working hard to try and solve a problem that exists. 

Mr. Cleaver. Thank you, Mr. Chairman. 

The Chairman. The gentleman’s time has expired. 

The Chair recognizes the gentleman from Oklahoma, Mr. Sul- 
livan. 

Mr. Sullivan. Thank you, Mr. Chairman. And thanks again for 
being here. 

I believe that global warming is occurring. I think that man has 
something to do with it. It doesn’t have everything to do with it but 
has a part to play in this. And we want to see a reduction in green- 
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house gas emissions as we go forward in the future. And I am try- 
ing to kind of hoil down what everyone here has said in my mind. 

What I think you are basically saying — and I want to see if this 
is a true statement — is that you believe that we want to spur do- 
mestic production, looking at other areas to drill in or explore in, 
and for gas and oil mainly to displace the oil and gas that we get 
from other countries. 

You said, I think Mr. Hofmeister said or one of you said, that 80 
percent of the reserves are owned by foreign companies, national 
companies. Is that true? Is it something like that? 

Mr. Robertson. More than that. 

Mr. Sullivan. More than that? So, really, you guys collectively 
represent about, I guess, less than ten percent of the global re- 
serves? 

Mr. Robertson. Chevron is 0.6 percent of the global 

Mr. Sullivan. I thought it was more than that, actually. 

Mr. Robertson. Chevron is 0.6 percent of global oil and gas re- 
serves. 

Mr. Simon. We are 6. 

Mr. Sullivan. So, really, it is a national security issue. We want 
to displace that. And you are saying that you are not opposed to 
moving into renewable fuels, into alternative fuels? You are doing 
research and development in that. You want to move in that direc- 
tion and get those accomplished. 

But I think, Mr. Hofmeister, again, you said that — and I am for 
that, too. I want to see us move away from gas and oil eventually 
in the future, you know, towards renewable fuels. I am for that. 
But we can’t even do it immediately. I mean, in the short term, you 
said 15 to 20 years to develop this technology. And we need to do 
that. 

I guess my question is I am for all of these renewables. I am for 
alternative fuels. I think we need to move in that. But basically 
you are saying that oil and gas are still going to be very much a 
part of the equation as we move into this new frontier of alter- 
native fuels. 

And all of you are willing to do that. All of you think that is what 
we are trying to do. Would that be a fair statement to say? 

Mr. Hoemeister. I think it is important for the American people 
to understand the scale of what is going on in the U.S. economy. 
Ten thousand gallons of oil a second is consumed in this country, 
60 billion cubic feet of gas a day. If we stack those cubic feet on 
top of each other, it would be from here to the moon and back 25 
times. Twenty rail cars of coal are burned a minute in this country. 
This is every minute of every day and every second of every day. 

And so the scale of the massive amounts of hydrocarbons that 
are consumed to support the world’s largest economy and one of 
the most creative and innovative economies is absolutely necessary. 
And the demand for electricity continues to rise across this country. 
We may see a dip in liquid fuel demand because of prices currently 
and other economic factors, but to be able to move to an alternative 
requires the technology to make it possible to make it commercial. 

What is slowing the movement to alternatives is the lack of 
commerciality yet. In other words, people aren’t making a profit at 
it. People are investing in it, but they are not yet making a profit. 
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As we get up larger scale, as we learn more up the maturity 
curve, I think we will make a lot of money in alternative and re- 
newable energies. And the technology will be a propulsion engine 
for the nation’s economy in the future. 

Mr. Simon. Congressman, I would want to support your com- 
ment. When you look at our outlook, if you look at the National Pe- 
troleum Council study, if you look at the TEA outlook, oil and gas 
will continue to represent the dominant source of energy, at least 
up through the year 2030. If you look at total fossil fuels, including 
coal, about 80 percent. That is where it is today. 

I think when you look at any outlook in terms of the impact of 
renewables, it is going to be very, very small, down in the two per- 
cent, three percent range. 

Mr. Sullivan. Well, I am from Oklahoma. And I remember when 
I was in college in the 1980s. I remember a lot of people were pe- 
troleum land management. They got out of it. 

I know that I have seen people lose jobs. I have seen people get 
out of this industry. I have seen it hurt my community by people, 
the down turn by low oil prices. I remember it was $9 a barrel, $16 
a barrel. People panicked. The state wasn’t getting the revenues 
that they needed. 

So you guys are making record profits right now, but have you 
ever lost money? You have lost money, too. Would that be a true 
statement? You have lost money. 

Mr. Robertson. Yes. I mean, I was there and head of our North 
American Division in 1999 when we closed the books and our earn- 
ings were zero, zero for North America. 

Mr. Sullivan. How does your equity investment rate of return 
compare to other industries, for example? Have you ever done any 
analysis on that? 

Mr. Robertson. Well, as was I think already said, our profits 
per dollar of sales, which is a typical way of looking across indus- 
tries, is about 8.3 cents per dollar sales. The average for the U.S. 
is 7.8. 

Mr. Sullivan. Another thing, if I could mention, how many peo- 
ple domestically do each one of you employ? And do you offer re- 
tirement benefits and then health insurance? 

Mr. Hofmeister. At Shell, we have about 250,000 people who 
have jobs because of Shell every day in America. We have about 
25,000 working directly for Shell, but in our gas stations, our Jiffy 
Lube stores, tens of thousands of additional people work. 

Mr. Robertson. We have 27,000 Chevron employees in the 
United States. The average worker, salaried worker, is about 
$125,000 a year. The average hourly worker is about $75,000 a 
year. They all have pension plans, and they all have health plans. 

Mr. Sullivan. Anyone else? 

Mr. Simon. We have about 30. And I would echo what they said 
in terms of if you look at the pension plan and the amount paid. 

Mr. Malone. Thirty-eight thousand and a multiple of roughly 
four times contractors in support, a multiple even higher than that, 
health care pension plans. 

Mr. Lowe. Congressman, the point I would make is kind of one 
of the points you are making. When I started working at Phillips 
Petroleum Company in 1981, we had over 9,000 employees in 
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Bartlesville. We went through some rough times. In 1998, we were 
down to 2,000 employees in Bartlesville. That was due to tough 
times. 

Mr. Sullivan. Thank you very much. 

The Chairman. The gentleman’s time has expired. 

The Chair recognizes the gentleman from California, Mr. 
McNerney. 

Mr. McNerney. Thank you, Mr. Chairman. 

With varying degrees of emphasis, each of you has indicated that 
you have investments in renewable or energy-efficient technology. 
What I would like to see is what your vision in the long term and 
the short term is as your companies make up in relation to oil 
versus alternative new energy technologies, starting with Mr. Rob- 
ertson. 

Mr. Robertson. Well, you know, we are supportive of the data 
that was in the National Petroleum Council study that basically 
said in 2030, 85 percent of the world’s energy would still come from 
coal, oil, and gas. So we think we are probably in a fossil fuel envi- 
ronment for some time. 

We are spending something like — we are going to spend two and 
a half billion dollars over the next two years in the area of renew- 
ables and energy efficiency. And I think the biggest opportunity — 
and we have been talking a lot about supply here. 

And I know that the biggest opportunity for us, frankly, I think, 
as a country and maybe as a world is in energy efficiency and 
using energy more wisely. So I think that, you know, the evidence 
from our company that goes around doing these projects with pub- 
lic agencies is that we can get 30 percent reduction in use of energy 
from these projects. 

Our own evidence inside our company, we are now 27 percent 
more energy-efficient than we were 15 years ago. And most of that 
time we were expecting oil to be $20 a barrel. So there is an oppor- 
tunity for us all to become a whole lot more energy-efficient. 

And, frankly, I still think the number one issue, the number one 
thing that the — and the Congress did some things in the last en- 
ergy bill in terms of energy efficiency and appliance standards and 
those things, but I think in terms of leading the nation, leading the 
nation, towards becoming a set of energy savers and becoming a — 
this being a scarce resource, that is the biggest source of energy as 
far as I am concerned. 

Mr. McNerney. Thank you, Mr. Robertson. 

Mr. Hofmeister, do you think that we have reached a maximum 
output possible of oil in historical terms? And if so, do you believe 
that the Alaska and offshore resources would change that peak oil 
timing at all? 

Mr. Hofmeister. I do not subscribe at all to peak oil theory. I 
think it is a theory that is based upon very narrow assumptions. 
I think if you look at the National Petroleum Council study, which 
has been referred to, or other studies around the world, the idea 
of moving from 80 million, 85 million barrels of production today, 
which we do, to somewhere near 110-115 million barrels a day is 
in the focus of most international oil companies and do believe and 
certainly Shell believes that the world can produce significantly 
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more oil than it does today, even while the focus is on other alter- 
natives. 

Mr. McNerney. So what is the bottleneck, then? Why are we 
such a logjam to oil prices? 

Mr. Hofmeister. I think that is an excellent question. I think 
there are bottlenecks around the world where, for example, within 
nations that are oil-exporting nations, where national oil companies 
dominate, access from international oil companies is limited in 
many cases. 

I think the United States is probably the world’s best example 
of having lots of resources that are not permitted to be developed. 
And so we are not able to go into 85 percent of the outer conti- 
nental shelf, for example. 

Mr. McNerney. So you don’t think that the Hubbard’s results 
are accurate or reflect reality? 

Mr. Hofmeister. Not at all because, in addition to what I have 
described in terms of what is out there, that theory makes no re- 
marks with respect to unconventional oil, such as oil sands or oil 
shale. 

Mr. McNerney. What do you think the makeup of your company 
will be in terms of oil versus other alternatives? 

Mr. Hofmeister. Well, we were part and parcel of the National 
Petroleum Council study, as were other companies. And I subscribe 
to the outcomes of that study that by 2030, we will still be domi- 
nantly a hydrocarbon economy. 

Mr. McNerney. All right. I am finished with my questions. 

The Chairman. The gentleman’s time has expired. 

The Chair recognizes the gentlelady from Tennessee, Ms. 
Blackburn. 

Ms. Blackburn. Thank you, Mr. Chairman. I am tempted to ask 
for his extra time, but I won’t. 

I want to thank you all very much for being here. I am struck 
by the fact that you have mentioned many times that we have all 
made choices, our nation has made choices when it comes to energy 
policy. And those choices have consequences. And I think that some 
unwise choices 20-30 years ago are yielding what we are seeing 
today. 

And we need to realize that sometimes policy, we need to take 
a long-term view. And I appreciate that you all are willing to come 
here and sit down with us and begin to get our hands around this 
problem and get this thing solved. 

I want to just ask you a couple of quick things, but I want to 
start with this. When a consumer buys a gallon of gas and they are 
paying their $3.29 at the pump, we know that 69 percent of that 
is going to crude. And if anybody disagrees with this, I want you 
to pipe up and tell me. We know that 13 percent of that is going 
for taxes and that 18 percent is there to cover refining, distribution 
costs, and marketing. Does anyone disagree with those percentages 
and allowances? [No response.] 

Ms. Blackburn. So would it be true that the government actu- 
ally makes the most as a single entity out of a gallon of gas, that 
they are realizing the most? Mr. Simon. 

Mr. Simon. That is correct. 
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Ms. Blackburn. That is correct? Okay. Because I think it is so 
interesting that that is where a lot of the money goes and that is 
affecting what we are paying at the pump. 

I want to come back to a point that was also made about com- 
prehensive strategy because we have to find out how we are going 
to deal with this. And I am going to borrow from you, Mr. 
Hofmeister. I think you are exactly right: short-term, mid-range, 
and long-term. 

What I would like to hear from you is what you all are doing in 
each of those categories. And I am not going to ask for you to sit 
here and articulate anything right now because we know some of 
the things that you are doing for alternatives and for future. I 
would like to have this in the form of just one sheet when we are 
talking with individuals. 

You didn’t cause all of this problem. Policy has caused part of 
this problem. You all may be partly to blame. The House and the 
Senate and the administration can all be partly to blame in this. 
The problem is we weren’t looking far enough down the road early 
enough to address it. And, as I said, that should have been a few 
years back. 

We do need to work on something that is a comprehensive strat- 
egy for this country that is going to consider supply, demand, that 
takes into account a global marketplace, takes into account that 
you all are dealing with companies that are owned by governments, 
that are not independently owned. 

So I am going to ask you all to submit that to us, what you are 
doing that you think will give us the greatest impact in the short 
term, where your mid-range focus is as we look toward 2030 and 
we look toward our fossil fuel needs moving toward 2030, what you 
are doing there, the policies that would help us with that and then 
long term the policies and the actions that we can take that create 
the environment for you to do your best. I would like to hear that. 

And then my last question that I wanted to touch on, windfall 
profits tax, like the ones that were proposed last year, how would 
that affect your bottom line? And what would it do to fuel prices? 
Mr. Malone, I will start with you. And let’s just work down the 
line. 

Mr. Malone. Well, we are investing dollar for dollar in this 
country. So you take a dollar more in taxes. It is going to be a dol- 
lar left available for investment. 

Ms. Blackburn. Very good. 

Mr. Lowe. 

Mr. Lowe. Yes, same for us. 

Ms. Blackburn. Same? 

Mr. Lowe. It just reduces the amount of supply. 

Ms. Blackburn. Okay. 

Mr. Robertson. I think what this Committee is after is increas- 
ing supply of energy, not reducing. I think that would reduce it. 

Ms. Blackburn. Okay. 

Mr. Hoemeister. I think windfall profits were tried before. And 
it has resulted in some of what the problem is we face today: lack 
of supply. And I would also say we are dollar for dollar in the 
United States. 

Ms. Blackburn. Mr. Simon. 
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Mr. Simon. I would say the same. The policy if you tax some- 
thing, you are going to get less of it. 

Ms. Blackburn. Okay. And, Mr. Simon, I want to clarify one 
thing. In your testimony, you said from ’03 to ’07, your earnings 
grew by 89 percent, but your income taxes grew by 170 percent. 
Over the last 5 years, ExxonMobil’s U.S. total tax bill exceeded 
your U.S. earnings by $19 billion. 

Mr. Simon. That is correct. 

Ms. Blackburn. That is correct? 

Mr. Simon. That is correct. 

Ms. Blackburn. Okay. Thank you, sir. 

Mr. Chairman, thank you. I yield back. 

The Chairman. Great. The gentlelady’s time has expired. 

The Chair recognizes the gentlelady from California, Ms. Solis. 

Ms. Solis. Thank you. 

I have been listening attentively to many of your statements re- 
garding different investments that you all have made. And I want 
to particularly commend BP, Mr. Malone, because I had an oppor- 
tunity on a visit with this Select Committee. We visited the Chan- 
cellor Merkel and some folks, some business folks, out there and 
had a very extensive discussion with your representative about 
solar panels and investments here in the United States and 
collaboratives that you have with universities. And it seems to me 
that you made an investment a long time ago, maybe a decade ago, 
that you were going to address this issue of green gases and how 
CO 2 is affecting our entire environment. 

I failed to understand why your other colleagues haven’t been 
able to maybe come up to speed in that same vein. And I wonder 
what led you, then, to make those kinds of decisions, to make those 
investments because you are a global market. 

Obviously your tentacles are everywhere but especially in the 
EU. And because there are dramatic changes occurring there with 
governments, I think that has, in my opinion, given you the impe- 
tus to do more. 

So if you could just touch on that? Because what I am trying to 
sense here is that we are not doing enough to create an incentive 
so that your other colleagues would do the same. But I see that 
happening in Europe. Tell me what you see. 

Mr. Malone. Well, just a couple of comments. Yes, early on, my 
company — although the science was incomplete, we made the policy 
decision that we could not take the risk with global warming while 
we are waiting for science to settle. And that was our decision 
seven years ago. What we have been asked 

Ms. Solis. Would you put a price on that risk at that time? Was 
there a risk factor there 

Mr. Malone. No. 

Ms. Solis [continuing]. For you to fail? 

Mr. Malone. No. 

Ms. Solis. No? 

Mr. Malone. No. 

Ms. Solis. Okay. 

Mr. Malone. No. But we knew that we were in the carbon busi- 
ness. And we knew that our business emits greenhouse gases and 
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that we needed to start. And we implemented — a number of things 
have been referenced here internally. 

I think the important thing, though, there is a missing link now. 
We are seven years down the road. And we still don’t have any way 
to price and market carbon in this country. So, even though you 
can do some things internally, we are now faced with these refin- 
eries we are talking about with greenhouse gas emission increases 
of CO 2 . And if you can’t sequester it, there is no market mechanism 
for us to be able to move forward. 

So seven years later, we do have the ability to have acted on a 
piece of legislation. And we are hoping to be a part of that. 

Ms. Solis. Okay. One of my other concerns is that most of you 
here talked about the barriers that federal government or maybe 
even local government has put up roadblocks for you to develop 
those current leases that you have. Could you tell me specifically 
why you have not been able to develop those leases that you cur- 
rently have that have about 80 percent of the oil, the U.S. oil, that 
is available? And I will go to Mr. Simon. 

Mr. Simon. I don’t know of any that we are not developing. Those 
that we already have access to, developing in as rapid a fashion as 
we can. 

Ms. Solis. Go on to the next. 

Mr. Hofmeister. Leases are generally a ten-year time horizon. 
And during that period of time, we are continuously evaluating 
where we can best use our technology and science to develop those 
leases. 

Sometimes ten years isn’t long enough because of the tremendous 
capital expenditure that is necessary. For example, in the Gulf of 
Mexico, it is easily a billion dollars now for a major deep water 
project in just one lease. 

Ms. Solis. But then how do you explain your record profits that 
are well over one billion 

Mr. Hofmeister. Well, the profits 

Ms. Solis [continuing]. That can’t be redirected in some way or 
apportioned? 

Mr. Hofmeister. The profits are cumulative around the world, 
but in the case of, let’s say, the Gulf of Mexico, we are limited by 
the amount of manpower that we have. We don’t have the kind of 
human resource that can do all of the leases simultaneously. And 
so we do 

Ms. Solis. So the obstacle isn’t from the federal government. It 
is a market obstacle. That is your obstacle. 

Mr. Hofmeister. The federal government’s obstacle has been to 
prohibit the granting of leases in the outer continental shelf more 
broadly. Had we had the confidence that we could do more leasing, 
we would be scaling up our operations to go after more leases. 

Mr. Robertson. I am not sure whether there is a misunder- 
standing here, but certainly all the leases that we have — that we 
have spent money on with the government — we are working on and 
trying to develop. 

And obviously we work the biggest prospects. I mean, once you 
get a lease, then you do some work on it. You do some seismic 
work. You do some drilling. And you see which ones are the best 
to develop. And we develop them. After a period of time 
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Ms. Solis. But there are different stages of that development. 

Mr. Robertson. Yes, but after a period of time 

Ms. Solis. And not all of them are 

Mr. Robertson. After a period of time 

Ms. Solis. The spigot isn’t open on all of them is what I am try- 
ing to get at. 

Mr. Robertson. After a period of time if we don’t do something, 
we have to turn it back to the government. So we are working on 
the leases. 

You asked another question about so many years ago. Twenty 
years ago Chevron started developing geothermal energy in Cali- 
fornia. Today Chevron is the largest geothermal energy company in 
the world. It is still relatively small in the scale of the world’s en- 
ergy business, but it is 1,200 megawatts of power. 

So I think we have been doing this for many, many years. 

Ms. Solis. Mr. Chairman, could I just ask 

Mr. Robertson. It makes a difference. 

Ms. Solis [continuing]. If we could get from the witnesses a list- 
ing of those current leases and at what stage they are at so I have 
a better understanding of what is in existence, what is being uti- 
lized, and what isn’t? 

The Chairman. Okay. The gentlelady has propounded that re- 
quest. Would the witnesses at the table be willing to 

Mr. Lowe. A short example, when lease acreage has become 
available; for example, two Gulf of Mexico deep water lease rounds 
last fall, a recent Chukchi Sea lease round off Alaska — 
ConocoPhillips has been high bidder on a billion dollars for those 
leases. So we are starved for access. Access really is the issue. 

The Chairman. We would ask for that information to be provided 
for the record to the Committee. 

The gentlelady’s time has expired. 

The gentleman from Oklahoma. For what purpose does the gen- 
tleman seek recognition? 

Mr. Sullivan. Mr. Chairman, I would like to ask unanimous 
consent to enter the National Petroleum Council’s book, “The Hard 
Truths About Energy.” If I could submit this? 

The Chairman. Without objection, it will be included in the 
record. 

[The book offered by Mr. Sullivan follows:] 

Mr. Sullivan. Thank you, sir. 

The Chairman. Thank the gentleman. 

The Chair recognizes the gentlelady from South Dakota, Ms. 
Herseth Sandlin. 

Ms. Herseth Sandlin. Thank you, Mr. Chairman. 

On March 24th, Patrick Barta wrote in the Wall Street Journal 
that “Without biofuels, oil prices would be even higher” than they 
are now. His report cited Francisco Blanch at Merrill Lynch as ob- 
serving that, according to the piece, “oil and gasoline prices would 
be about 15 percent higher if biofuel producers weren’t increasing 
their output,” meaning oil would be priced above $115 per barrel. 

Do each of you agree with Blanch’s analysis, “Yes” or “No”? And 
if not, why not? 

Mr. Lowe. I think there is an argument there. Roughly five per- 
cent of liquid fuels are now ethanol in this country, some small 



181 


amounts of biodiesel. I think there would be some impact, but I 
don’t know that it would be 15 percent. 

Mr. Robertson. I think any amount of additional energy in the 
world will directly lower prices. So more oil would lower prices. 
More gas would lower prices, more coal, more biofuels. So I have 
no doubt that it has some marginal effect. I would be very sur- 
prised if it is as big as you suggest. 

Mr. Lowe. Certainly directionally I would agree. That is why we 
need all forms of energy. 

Mr. Malone. I would agree. 

Mr. Simon. I would just point out I think you have got to look 
at the cost associated with producing biofuels versus gasoline out 
of crude. If you look at $5 per bushel of corn price today and $100 
per barrel crude, the production cost of biofuels is about $3.15 a 
gallon. And crude is $2.70. So it is hard for me to see how that 
would have a positive impact in terms of the price of gasoline that 
people pay in terms of the biofuels there. 

Ms. Herseth Sandlin. So you don’t agree, Mr. Simon, that it 
has any impact whatsoever in light of what you claim to be the pro- 
duction cost of corn ethanol today? 

Mr. Simon. I think we have got to be careful if you think you are 
lowering the price that the consumer pays at the pump by man- 
dating a higher cost liquid fuel that goes into producing 

Ms. Herseth Sandlin. Right. I understand you probably have 
been opposed to the renewable fuels standard either, the one that 
we included in the 2005 Act or even the one that we recently 
passed. Is that correct, Mr. Simon? 

Mr. Simon. Our corporation does not think that mandates and 
subsidies are the right approach. 

Ms. Herseth Sandlin. What is the percentage of ethanol that 
ExxonMobil blends in U.S. gasoline today? 

Mr. Simon. Today we blend about eight percent. 

Ms. Herseth Sandlin. Eight percent. And so you would be 
blending that, even if there wasn’t a renewable fuels standard? 

Mr. Simon. No, that is not correct. I think if there were not a 
renewable fuel standard, it would be lower than that. 

Ms. Herseth Sandlin. And do any of your companies support 
higher ethanol blends beyond ElO in light of recent studies that 
suggest a blend of 20 percent and even 30 percent ethanol in- 
creased fuel efficiency and do not pose any types of damage, corro- 
sive damage, to the vehicles, as some have suggested? 

Mr. Robertson. Well, to start with, we are working in California 
to get the limit raised from 5.7 percent, which is today’s limit in 
California because of environmental restrictions, to 10 percent. So 
that is the first place we have got to go. 

I do believe that going over ten percent in the nation would 
stretch the food system to the point that you don’t want to go any 
further. So we have the first generation, second generation ethanol 
from cellulosic conversion. And we are working as hard as we know 
how to generate that kind of technology and to produce that kind 
of stuff. 

So going beyond ten percent across the country would not work 
in today’s environment. 
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Ms. Herseth Sandlin. You mentioned the impact on food prices. 
And I think that there was perhaps some suggestion of this, Mr. 
Simon, in a comment you made in your opening statement about 
developing renewable fuels and leading to unintended con- 
sequences. 

Mr. Simon. Yes. 

Ms. Herseth Sandlin. Do any of you have any independent 
analysis that you can share with the Committee that it has been 
the cost of the price per bushel of corn or wheat that has directly 
led to the increase in food prices and what percentage that con- 
stitutes versus energy costs associated with processing or trans- 
porting the food? 

Mr. Robertson. I do not that I am aware of. 

Ms. Herseth Sandlin. None of you have any independent anal- 
ysis to make that claim? 

Mr. Simon. I think there have been independent studies done in 
that regard, but we certainly don’t have them. 

Ms. Herseth Sandlin. Okay. But you tend to cite 

Mr. Simon. I believe based on all that I have read from lots of 
different places that the price of food has been impacted by the re- 
quirement to turn a lot of corn into ethanol. 

Ms. Herseth Sandlin. And would you also agree with the state- 
ment, though, that the price of food is also affected by increased 
energy costs? 

Mr. Simon. Sure. 

Ms. Herseth Sandlin. But you haven’t done any independent 
analysis that would break down the percentages associated with 
energy versus other commodities? 

Mr. Simon. I have not. 

Ms. Herseth Sandlin. Okay. Well, my time is up. So I will yield 
the remainder of my time. Thank you, Mr. Chairman. 

The Chairman. Okay. 

Ms. Herseth Sandlin. Oh, one last question. Are any of the 
other four companies, other than ConnocoPhillips, test marketing 
E85 or biodiesel? 

Mr. Hofmeister. Yes. Shell has a test market in Chicago where 
we are looking at consumer acceptance of the product. 

Mr. Robertson. We have got a test going with the State of Cali- 
fornia with several hundred vehicles that are running on E85. And 
we sell E85 at a very small number of service stations around the 
country. 

Mr. Simon. We have E85 at only about 30 service stations. 

Mr. Malone. We have limited E85. We are waiting on some 
pump approvals. But we do have it under the canopy now. 

The Chairman. The gentlelady’s time has expired. 

The Chair recognizes the gentleman from New York State, Mr. 
Hall. 

Mr. Hall. Thank you, Mr. Chairman. And forgive me if my ques- 
tions were already asked by somebody. I was across the street at 
another hearing. 

I wanted, first of all, to comment on my colleague and my friend 
from Tennessee, who is no longer here, Ms. Blackburn’s statement 
that the actions of Congress so far on energy have not gotten re- 
sults. And I would just point out that, as I understand it, the at- 
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tempt by the House to take back the $14 billion the previous Con- 
gress had given in tax breaks to oil companies has not passed the 
other body or been signed by the President. So that has no effect 
on what is going on. 

And, secondly, the energy bill we passed with the CAFE stand- 
ards increased was signed in December, just a couple of months 
ago. And, therefore, we are looking at 2020 before that goal is sup- 
posed to be reached. So one couldn’t reasonably expect that that ac- 
tion would already be doing much visibly. 

Here is a question. I have got a constituent who called one of our 
offices in Carmel, New York and said, “I just bought myself a flex 
fuel vehicle. Where can I get some flex fuel?” And our staff had to 
disappoint her by telling her that, to our knowledge, there were 
only two pumps in New York at the time selling E85. 

And the question is, to the extent that you have stations? I un- 
derstand many gas stations are independently operated, but many 
others are run under the flag of your companies. 

Could you or would you have a policy or make a commitment to 
have at least one biofuel pump at each gas station? And if not, why 
not? Forgive me if you have already answered that question but 
maybe Mr. Simon and then down the row. 

Mr. Hall. No, I would not make that commitment. We don’t 
make a biofuel. Therefore, we cannot warranty it. And, therefore, 
we would not want to sell it under our brand. We do not deny our 
dealers the right to do so, but they simply cannot do that under 
our brand. 

Mr. Hall. Okay. Thank you very much. 

Mr. Hofmeister. 

Mr. Hofmeister. I mentioned a few minutes ago that we do have 
a pilot project at company-owned stations in Chicago in which we 
are testing the market acceptance of E85. I must say that the re- 
sults are very poor to date from a consumer acceptance standpoint. 

But we do not prohibit our independent dealers and franchisees 
across the nation from making a decision to put a pump on their 
site. 

Mr. Hall. Thank you very much. I am sorry for cutting you off. 
I just have a short time here. 

Mr. Robertson. Yes. I mean, the 

Mr. Hall. Same? 

Mr. Robertson. The vast majority of service stations in the 
United States flying a Chevron flag are independently owned. 

Mr. Hall. Right. 

Mr. Robertson. They are entitled to put in 

Mr. Hall. If they want, they can do it? 

Mr. Robertson [continuing]. A fuel pump if they want. They 
have to make sure that it doesn’t interfere with the brand, but they 
can do that. And some have. 

Mr. Hall. Okay. 

Mr. Lowe. Yes. 

Mr. Hall. Mr. Lowe. 

Mr. Lowe. ConnocoPhillips is test marketing E85. Potentially we 
have identified over 2,500 sites. But, as Mr. Hofmeister noted, so 
far the consumer acceptance hasn’t been very 

Mr. Hall. And, Mr. Malone. 
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Mr. Malone. We do have sites that are non-BP-owned that have 
E85. We don’t prohibit it. We are very concerned, though, about the 
UL listing on the pump. 

Mr. Hall. Right. Okay. Diesel obviously is a different kettle of 
fish. I mean, I am burning similar fuel, burning 20 percent bio- 
diesel in my home heating oil. And it doesn’t seem to require an 
adjustment to the system. I have friends who have driven off-the- 
lot diesel vehicles made in America that were driven actually on 
100 percent biodiesel from wood in this particular instance. 

I wanted to ask if you — I am sure you are all familiar with the 
Fischer-Tropsch reaction and the use by the Nazis during World 
War II to make liquid fuels from coal. There have been some stud- 
ies recently showing that this can be done taking carbon dioxide 
from the air and especially in parts of the country where there is 
nearly constant sunshine or nearly constant wind to use renew- 
ables as the driver for this process. 

Are you aware of this or is this among the things that any of you 
are studying? Mr. Hofmeister, maybe you would go first on that. 

Mr. Hofmeister. Our work thus far has been on solid materials, 
not gaseous materials other than natural gas, which we are turn- 
ing into a liquid form for fuel purposes. 

Mr. Robertson. Well, we have a global joint venture with Sasol 
of South Africa, who have been the main users of Fischer-Tropsch 
technology. And we are building a gas-to-liquids plant using Fisch- 
er-Tropsch technology. But I am not aware of a system that can 
take carbon dioxide out of the air if that is what you were saying. 

Mr. Hall. It might be worth looking into. And it would be a huge 
public relations boon not to mention, I think, a moneymaker for 
you. 

And the last question I guess I would ask you because it is amaz- 
ing how fast five minutes run out, I wanted to ask you if I could 
be imprecise here, if you are making, say, $2 gazillion of profit in 
a given time period, would you consider using half a gazillion or 
a quarter of a gazillion or whatever, however much of your adver- 
tising budget. 

Now that a number of you have said conservation is important, 
demand management is important, would you as a patriotic move 
and for the good of I think all of us in the United States, certainly 
our national security, use some piece of your advertising budget to 
tell people that they should conserve, that it is patriotic to conserve 
and that it is certainly good for 

Mr. Hofmeister. Shell does that in all of its 14,000 branded sta- 
tions across the country currently. 

Mr. Robertson. I think if you have been looking at Chevron ad- 
vertising, you see a lot of our conservation but absolutely. 

Mr. Lowe. Yes, we are already doing it. 

Mr. Malone. We are already doing it. 

Mr. Simon. We are a strong proponent of using our products 
more efficiently and work hard to educate the public in that regard. 

Mr. Hall. I will be looking for that advertising more. Thank you. 

Thank you, Mr. Chairman. 

The Chairman. Okay. The gentleman’s time has expired. And all 
time for questions by the members of the Select Committee has ex- 
pired. But Mr. Stupak has been waiting for 2 hours and 40 minutes 
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to ask questions. And Ms. Jackson-Lee has been a more recent ar- 
rival. But out of courtesy to them, I make a unanimous consent re- 
quest that they be allowed as guests of the Select Committee to ask 
questions of the witnesses who are testifying before us today. 

Mr. Sensenbrenner. Mr. Chairman, reserving the right to ob- 
ject, I am not sure that a committee can by unanimous consent 
suspend a House rule that applies to the Committee. And I am 
loolong specifically at House rule ll(2)(g)(ii)(c), which says that 
other members are welcome at committees but in a non- 
participatory manner. 

And I would ask the Chair to withdraw the unanimous consent 
request because I don’t think that it is proper and in compliance 
with the rules to waive a House rule in a committee. 

The Chairman. Well, if the gentleman would yield 

Mr. Sensenbrenner. I yield. 

The Chairman [continuing]. Under House custom, any one of its 
rules can be waived by unanimous consent. And, again, I remake 
that proposal to the members of the Committee 

Mr. Sensenbrenner. Well 

The Chairman [continuing]. That we waive the rule by unani- 
mous consent. 

Mr. Sensenbrenner. Well, reclaiming my time, I don’t think 
that we can waive a House rule in committee. I think that that re- 
quires an action by the House, largely through the Rules Com- 
mittee. So I object. 

The Chairman. The Chair hears an objection. And, as a result, 
the Chair is constrained by that objection to recognize the guests 
of the Committee. 

Mr. Stupak. Jim, if you were going to object, why didn’t you tell 
us three hours ago? 

Mr. Sensenbrenner. Well, I move to strike the last word. I did 
not know that there would be this request that would be made. It 
was not cleared with the minority. 

The Chairman. I apologize to the gentleman from Michigan. I 
appreciate the 

Mr. Stupak. No apologies necessary. What goes around comes 
around. 

The Chairman [continuing]. Position that the gentleman has 
been 

Ms. Jackson Lee. I thank you for extending the offer, Mr. Chair- 
man. It is an important issue. And we are here for that reason. I 
was here starting from 1:00 p.m. Thank you. 

The Chairman. Thank the gentlelady. 

So we have reached the conclusion of this hearing. I would say 
to the oil company executives that, as President Kennedy used to 
say, to those whom much is given much is expected. There has 
been a windfall of revenues, which has fallen to the oil companies 
represented here over the last several years. It is highly likely to 
continue this year and into the indefinite future. 

I think that with that great opportunity that you have been 
given, there is a responsibility that you have to discharge. As I 
asked earlier, there should be a commitment that each of you 
make. I would recommend that it be ten percent of your profits go 
into renewable energy projects. 
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We will not be able to solve this global climate challenge unless 
you do so. You are the leading energy companies in our country 
and in the world. We cannot solve this problem without your full 
participation. 

And, similarly, consumers will not be able to deal with this issue 
without your focused attention upon them. The poorest, the work- 
ing class are going to be devastated. They will have to choose be- 
tween heating and eating. We are reaching that point in our coun- 
try. And it is your responsibility to deal with this issue in a respon- 
sible fashion. 

To the extent to which you don’t have to take all of this as profit 
and you can lower your prices, I think you should do so. To the ex- 
tent to which you can deal with this as an issue of speculation in 
the marketplace and you can support the deployment of the stra- 
tegic petroleum reserve, which I recommend as a way of piercing 
this speculative bubble, I recommend that you take that position. 

I recommend that you take any position that helps the consumer 
and that will help this renewable energy revolution. But that is up 
to you. But all I can tell you is — and I can predict this with a guar- 
antee — that this is the first of many hearings that you are going 
to have this year before the Congress. 

My father always said try to start out where you are going to be 
forced to wind up anyway. And so I am asking you each to deal 
with that issue of the amount of your profits that you put into re- 
newable energy resources this years and for every subsequent year 
and to also deal with this issue of how it is going to affect blue col- 
lar and poor citizens of our country. 

We thank you each for your testimony here before us today. And, 
with that, this hearing is adjourned. 

[Whereupon, at 2:46 p.m., the foregoing matter was concluded.] 
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EXXONMOBIL RESPONSES TO POST-HEARING QUESTIONS: 
SELECT COMMITTEE ON ENERGY INDEPENDENCE AND GLOBAL WARMING 
U. S. HOUSE OF REPRESENTATIVES (APRIL 1, 2008 HEARING) 


(1 ) How much did your company Invest in renewable energy technologies by year and 
by project over the last 10 years? 

A: ExxonMobil shares the same goal as policymakers — to meet the world's growing 
energy demand while lowering the projected growth in greenhouse gas (GHG) 
emissions. We approach this by: 

a) improving energy efficiency and reducing GHG emissions in our own operations; 

b) improving the efficiency of consumers' use of energy; and 

c) conducting or sponsoring research that could lead to breakthroughs in alternative 
energy. 

We are taking significant actions to assist: 

a. Improving energy efficiency and reducing emissions in our own operations 

Since 2004 we have invested more than $1 .5 billion in activities that reduce GHG 
emissions and improve energy efficiency, and we will be spending at least $500 
million on additional initiatives over the next few years. 

We are an industry leader in the use of cogeneration applications, which capture 
waste heat for use directly within our manufacturing and production facilities. We 
have interests in about 100 cogeneration facilities in more than 30 locations 
worldwide, which have the capacity to reduce global COj emissions by more than 
10.5 million metric tons per year. The combined power generation capacity at 
facilities in which we have an interest was more than 4.5 gigawatts in 2007. With 
new facilities under construction around the world, we expect to Increase this 
capacity to more than 5 gigawatts in the next three years. 

Additionally, across our operations, we are working to reduce flaring of natural 
gas. For example, in Nigeria we and our co-venturer are investing more than $4 
billion in gas utilization and commercialization projects to help eliminate routine 
gas Haring. 

ExxonMobil launched its proprietary Global Energy Management System 
(GEMS) in 2000, through which we have identified opportunities to improve 
energy efficiency at our refineries and chemical plants by 15 to 20 percent. We 
have implemented about 60 percent of these opportunities. Our refining and 
chemical operations achieved best-ever energy efficiency in 2007. Over the past 
several years, we have been improving the energy efficiency of our refining and 
chemical businesses at a rate two to three times faster than the industry. 


Through efficiency actions taken in 2006 and 2007, we reduced GHG emissions 
by about 5 million metric tons in 2007, equivalent to removing about one million 
cars from roads in the United States. We are also on track to meet our target of 
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improving energy efficiency across our worldwide refining and chemical 
operations by at least 10 percent between 2002 and 2012. 

b. improving the efficiency of consumers' use of energy 

We are actively Involved in improving energy efficiency of consumers' use of our 
products, promoting low-emissions technologies that are deployable today, such 
as tire liners that keep tires inflated longer; advanced fuel economy engine oil; 
and light weight automobile plastics. Utilization of technologies such as these in 
one-third of U.S. vehicles would translate to a savings of about 5 billion gallons of 
gasoline annually and yield GHG emissions savings equal to taking about 8 
million cars off the road. 

In addition, we are working on other technologies both for the mid- and longer- 
term that address the need for both improved fuel economy and reduced 
emissions. These include separator films for lithium ion batteries that could 
accelerate the adoption of hybrid vehicles, and our collaborative research with 
auto and engine makers on technologies that may enhance fuel economy by up 
to 30 percent. ExxonMobil is also conducting research into hydrogen generation 
on board vehicles to power fuel cells which could improve fuel economy by 80 
percent and reduce emissions by as much as 45 percent. Recently, we also 
announced a more than $100 million investment in a new technology for 
separating CO 2 from natural gas, which could help commercialize some 
applications of carbon capture and storage (CCS). We are currently building a 
demonstration plant for this technology in Wyoming. 

c. conducting or sponsoring research that could lead to breakthroughs in 
alternative energy 

A primary value we also bring is through financial and technical support of 
breakthrough research to overcome the economic and technological barriers 
inhibiting these sources from being applied on a broader scale. On the research 
side, we are spending more than $100 million in 2008 on alternative energy and 
efficiency improvement technologies, and technology for separating CO 2 from 
natural gas, which could have a significant longer term impact on reducing 
emissions. We agree with the view that in order to meet future energy demand, 
we are going to need a wide range of energy sources — including wind, solar, 
nuclear, coal, biofuels, oil and natural gas. 

Five years ago, ExxonMobil initiated the Global Climate and Energy Project 
(GCEP) at Stanford University to identify future step-out advanced energy 
technologies. ExxonMobil has committed $100 million to this project over ten 
years. GCEP now funds research programs in the United States, Europe, 
Australia and Japan. 

Our investment in groundbreaking research at GCEP represents our commitment 
to work to meet future energy needs with significantly lower GHG emissions. 
GCEP is the largest privately funded low-greenhouse-gas-energy research effort 
in history. This project aims to undertake ftjndamental and pre-commercial 
research on a wide range of technologies that offer the potential to supply and 
use energy with significantly reduced GHG emissions. Emphasis is on 
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breakthrough research that can enable widespread, commercial solutions in a 
broad portfolio of areas including: 

How hydrogen and solar energy can be made economically; 

- How engine and fuel systems can be made significantly more efficient; 

- How carbon dioxide capture and storage can be made more effective; 
and 

How biofuels can be made with greater yield and lower emissions. 


(2) How much does your company plan on Investing In renewable energy technologies 

by year in coming years? 

A: ExxonMobil plans to invest more than $100M in research and development on energy 
efficiency and alternative energy in 2008. Due to the competitive nature of R&D 
investments, ExxonMobil is not in a position to share future planned spending in this 
area in the coming years. 

ExxonMobil remains focused on meeting the growing energy demand projections in 
the next few decades and the realities of various investment options to meet those 
demands. Increased energy supplies will serve as the foundation of a growing global 
economy and the tremendous expansion of living standards throughout the developing 
world. We therefore assess pragmatically the role that alternative energy sources can 
play in meeting these future needs. Even as wind and solar energy are likely to grow 
at about 10 percent per year on average, supported by government subsidies and 
mandates, they will account for about 1 percent of global energy demand in 2030. 

Costs and intermittency remain challenges to expanding use. 

The advantages of oil and natural gas across a broad array of applications provide 
economic value unmatched by any currently available alternative. On any assessment, 
oil and gas will continue to play a significant role in meeting energy demand for many 
years to come. And that is where ExxonMobil’s strengths lie — to use our technology, 
the expertise of our people and our global scale to safely and reliably supply the oil 
and gas that is, and wiii continue to be, needed to power the American economy, and 
to improve the environmental performance of our products and operations. 


(3) Based on the fundamentals of supply and demand, what does your company 

estimate the price of oil should be were it not for speculation, and other factors? Mr. 
Simon from ^xonMobil testified that their analysis of fundamental supply and 
demand suggests a price of oil in the $50-55 range, and prices above that figure are 
due to speculation, weakening dollar and geopolitical stability. Do you agree or 
disagree with that analysis? 

A: We are unable to quantify the effect on crude oil price that may be attributable solely to 
speculation. 


Crude oil prices are influenced by a multitude of factors. These include physical and 
fundamental factors, such as supply, demand, inventory, and spare capacity, as well 
as expectations of the market participants on such matters as potential weather- 
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related efFects and outlooks on the growth of supply, demand, and capacity. In 
addition, crude oil prices can be affected by currency exchange rates, geopolitical 
risks, and actions of investors and financial institutions. It is not possible to identify 
definitively the impact of individual factors on crude prices because many of the factors 
may be correlated to each other. Thus, it is not possible to identify a price per banel 
for any given moment that can be Justified purely by the supply and demand in the 
market. 


(4) What percentage of the current price of oil Is a result of speculation? 
A: See response immediately above. 


(5) How much did your company invest last year in emerging energy technologies in 
North America and what types of technologies wouid that include? 

A: ExxonMobil Invested more than $50M in R&D on emerging energy technologies in 
2007. Emerging energy technologies are defined here as technologies for production 
of non-oil transportation fuels, generation of hydrogen on a vehicle, solar, wind, 
geothermal, biofuels, as well as technology components such as advanced batteries 
and CCS. 

Additionally, ExxonMobil spends more than $1 billion annually on energy technology 
development. Our technology spend is focused on increasing supply, lowering cost, 
lowering environmental footprint, and supplying improved products In our oil and gas, 
refined products, and chemicals business. 


(6) In 2030, what percentage of global energy demand will be met by fossil fuels? 

A: Fossil fuels will remain indispensable to meeting total projected energy demand growth 
Even with assumptions for dramatic growth in solar, wind, and biofuels, fossil energy is 
generally forecast to continue to supply roughly 80 percent of the world's energy needs 
through 2030, according to the U.S. Energy Information Administration (EIA) and the 
International Energy Agency. Approximately 55-60 percent of supplies will be provided 
by oil and natural gas. 


(7) Do you think that it is important as an energy security issue, to use more of the U.S. 
reserves of oil and natural gas? What are the best policies to assure our energy 
independence? 

A: An estimated 37 billion barrels of conventional recoverable oil and 171 trillion cubic 
feet of natural gas - enough to fuel nearly 12 million cars and heat 25 million homes 
for a hundred years - is believed to be on lands currently ruled off-limits for production 
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by the federal government. A significant majority of Americans believe Congress 
should join the President in lifting existing limitations and opening more acreage to 
responsible production. If Congress were to do so, it would make new energy supplies 
available to Americans in the future, send a positive signal to markets, put downward 
pressure on prices, and strengthen U.S. energy security by further diversifying 
Americans’ energy portfolio; therefore, reducing the impact of a disruption in any one 
producing region of the world. 

"Energy independence" is generally not realistic or achievable for most nations. Most 
of the world’s major economies import oil and natural gas to meet their energy needs, 
including our own. Eight of the world's ten largest economies are net importers of oil, 
including the U.S. Greater efficiency and the increased use of alternatives can 
increase global energy supplies, but no combination of the two can realistically close 
the gap between energy demand and domestic supplies in most nations. 

Energy security is an important policy objective, which does not necessarily entail 
"energy independence." Allowing more access to all sources of conventional energy 
supplies, and most particularly domestic resources can both increase independence, 
but more importantly, increase our overall energy security. Smoothly-functioning 
global markets are essential to energy security. Free and open global markets enable 
the broad access to and application of new technologies to increase production and 
improve efficiency, and they facilitate matching energy supplies with demand. 


(8) What percentage of your stock is own by pension plans and retirement accounts? 

A: ExxonMobil is a large, publicly traded integrated oil company. Our shares are held by 
both retail and institutional shareholders. Retail or individual investors, hold 
approximately 40 percent of our outstanding shares. The remaining approximately 60 
percent is held by Institutional investors, who manage mutual funds, pension plans and 
retirement accounts. The specific share of pension funds and retirements accounts 
alone is not available from public filings. Through direct or indirect shareholdings, 
many, many Americans invest in ExxonMobil. 


(9) Do you support the use of coal-to-liquids as an alternative to traditional 

petroleum? If not, why not? As a follow up, wouldn’t the use of coal-to-llquids 
significantly increase our domestic supply of fuel? 

A; ExxonMobil has many commercial technologies today, and continues to invest in R&D 
for processes that could be used to convert coal to fuels, lubricants, and chemicals. In 
the area of fuels and lubricants, the processes include gasification of coal to synthesis 
gas, conversion of synthesis gas to fuels and lubricants, and CCS processes. 

From 2003-2007, ExxonMobil invested more than $150M in R&D that could be used to 
advance economic conversion of coal to transportation fuels and lubricants. 
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While these technologies exist in varying forms of maturity, today they do not deliver 
fuels required by consumers at a competitive cost to conventional transportation fuels, 
nor do they result in overall lower GHG emissions. 


(1 0) How much bio-fuel and ethanol do you think realistically can be substituted for 
traditional petroleum? 

A: In the mid-term, e.g., -2012, biofuels face several practical limitations. Based on EIA 
projections for 2012, these limitations translate to approximately 14 billion gallons of 
ethanol and approximately 1 billion gallons of biodiesel in the U.S. fuel supply. 


(11) Are you involved in developing production In Canada’s oil sands or Western oil 
shale? Do you believe those alternatives will become more viable if the price of oil 
continues to rise? 

A: The economic viability of projects is dependent on long-term price; but that is only One 
of a number of factors that influences long-term investment decisions. Investment 
decisions are based on an evaluation of all circumstances surrounding an opportunity, 
including available technology; the estimated resource size; exploration and 
development costs; environmental concerns; and the fiscal regime, political and 
economic risk of the country In which the resource Is located. 

Oil Sands: 

Canada's oil sands deposits are estimated to contain as much as 173 billion barrels of 
economically viable oil. The oil sands now represent half of western Canada's oil 
output. 

The United States is already the largest market for Canadian oil by far, with well over 
1.8 million barrels per day exported to the U.S. in 2007, (or 18 percent of U.S. crude oil 
Imports). About half of these imports come from oil sands, where production in 2006 
was over 1.1 mbd and forecast to reach roughly 3.4 mbd in 2015, according to the 
Canadian Association of Petroleum Producers (CAPP). 

ExxonMobil is actively involved in developing Canada's oil sands resources through 
our majority shareholder position in Imperial Oil Limited (lOL). lOL's oil-sands assets 
are located primarily at three sites. 

- Cold Lake is lOL’s largest single asset and is the largest in-situ oil-sands operation 
in Canada. Current production of more than 150 Kbd of bitumen represents about 
40 percent of Canada's thermal in-situ oil-sands production. It also represents 
about five percent of Canada's total oil production, 

- Hoiding a 25 percent interest, lOL is the second-largest owner of Syncrude 
Canada, the largest oil-sands mine in the world. Current production from Syncrude 
is more than 350 Kbd, one in every 8 barrels of oil produced in Canada. 

- The Kearl Oil Sands Project would develop a new oil-sands mine in the Fort 
McMurray region. This is a 100 percent Imperial and ExxonMobil project, and has 
the potential to produce more than 300 Kbd for over 40 years. 
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In addition to these three opportunities, lOL holds an extensive undeveloped oil-sands 
acreage position, and some very promising development opportunities, in both mining 
and in situ areas. 

ExxonMobil is also in partnership with lOL on integrated research efforts to enhance 
the effectiveness of our existing technologies and develop new, breakthrough 
technologies that have the potential to realize significant improvements and to 
commercialize resources that are currently not attractive. 

Oil Shale: 


According to the U.S. Bureau of Land Management (BLM), oil shale resources on 
federal lands contain an estimated 1.23 trillion barrels of oil - more than 50 times the 
nation's proven conventional oil reserves. 

ExxonMobil fully supports government efforts to advance oil shale development and 
believes it is Important to continue to encourage a broad range of technologies and 
many different companies to find the best commercial solutions. However, experience 
tells us the responsible path is to take a careful, phased approach to evaluate the 
various technologies thoroughly before making premature forward-looking statements 
on potential commercial production. 

Of all the In situ technologies currently under study, none has yet demonstrated 
commercial viability. ExxonMobil's leading technology candidate is the Electrofrac™ 
process. This method heats oil shale in situ by hydraulically fracturing the rock and 
filling the fracture with an electrically conductive material, forming a circuit through 
which electric current can flow, thus creating a heating element. The hydmcarbons 
from the heated shale can then be brought up to the surface with vertical wells much 
like conventional oil and gas. 

ExxonMobil was not awarded one of the five initial research leases on federal lands, 
which means we have limited opportunities to test our technology. We remain 
interested in securing leases best suited to In situ oil shale research and development. 


(12) The American Jobs Creation Act provides a tax credit of up to $1.00 per gallon for 
the sale and use of "agri-biodiesel" ~ biodiesel from virgin agricultural products. 
The credit Is $0.50 per gallon for biodiesel from recycled grease. In addition, the law 
provides an excise tax credit for biodiesel blends (i.e., biodiesel and conventional 
diesel). Producers are eligible for one credit or the other, but not both. The Energy 
Policy Act of 2005 extends these credits through 2008. Do you support making 
these credits permanent? Do you support increasing these credits? 

A: ExxonMobil believes that we need more of all forms of energy and so we would simply 
suggest that government not pick winners and losers either among ail of the various 
types of alternative fuels or between alternatives and conventional fuels. However, if 
government decides to favor a particular fuel source, it should not do so at the 
expense of other energy supply sources because such an approach is likely to result in 
less total energy supplies rather than more. See further our response to question 39. 
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(13) Do you support suspending or reducing the number of “boutique fuel mixes” that 
each state mandates In order to reduce gas prices in the near future? 

A: Boutique fuels decrease supply flexibility and potentially increase price volatility in 
times of supply disruption. 

Suspending or reducing the number of boutique fuels would reduce the potential for 
price volatility during supply disruptions, but would be unlikely to significantly impact 
^el prices under normal drcumstances. 


(14) Do you believe that the Energy Independence and Security Act of 2007 went far 
enough to access US oil and natural gas resources? 

A: No. The 2007 energy legislation did not address the need for increased access to 
America's abundant oil and gas resources that are now "off limits" to development. 
Neither did the Energy Policy Act of 2005 in any meaningful way, despite urgent calls 
since early this decade for authorizing legislation to expand access to the most 
prospective areas in federal lands and waters for discovering potentially commercial 
quantities of oil and natural gas. 


(15) Are you actively pursing carbon sequestration and Enhanced Oil Recovery in your 
oil fields and has that work been succ^sful? What more needs to be done in this 
area? 

A: ExxonMobil has been researching, developing and applying carbon-handling 

technologies for more than 30 years. We have studied a wide range of technologies 
that may be applicable to CCS; including computer based geologic reservoir simulation 
improvements to surface facility and wellbore integrity through the use of advanced 
materials and operating practices, and the development of more efficient COj capture 
technologies. 

CCS is a promising option in managing GHG emissions, particularly as many 
companies, including ExxonMobil, have industrial-scale experience with its three 
component technologies, capture, transport and storage. With nearly 60 percent of 
global fossil fuel COj emissions coming from large point sources, such as electricity 
generation plants, CCS applied to such facilities offers the potential to address a 
significant fraction of global emissions. However, large scale application to facilities, 
such as electricity generation plants, remains to be fully demonstrated. In addition to 
the integration of the three components, significant improvement in the energy 
efficiency of the COj capture process is needed. The U.S. DOE currently estimates 
that for post-combustion capture of COj, up to 30 percent of a coal fired power plant's 
generating capacity will be required to power the capture process. For pre-combustion 
capture, processes are slightly more efficient but are still estimated to require up to 25 
percent of a coal fired power plant's generating capacity. 


All ExxonMobil oil and gas fields are managed to maximize economy recovery of 
resources, including the use of a wide range of enhanced oil recovery (EOR) 
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technologies such as gas injection — which can employ hydrocartxjn gas, carbon 
dioxide or nitrogen — chemical injection using polymers, surfactants or alkalines and 
steam injection, which is particularly well suited to heavy oil EOR. We also recover 
CO 2 from produced gas and market it to others for use in their EOR operations. 

No single EOR technology (including CO 2 injection) is universally applicable. EOR 
opportunities depend on factors such as infrastructure, reservoir properties and field 
development plans, but incremental recovery from carbon dioxide injection at some 
mature fields can range from five to fifteen percent of the original oil In place. 

ExxonMobil has significant experience in EOR processes through its involvement in 
about one-third of the world’s oil production from miscible gas injection EOR projects. 
We leverage that experience along with various In-house technologies Into all of our 
EOR projects. The most successful example of CO 2 based EOR is in the mature oil 
fields of the Permian Basin of West Texas, where significant investment by 
ExxonMobil and others have resulted in EOR projects that have recovered an 
additional one billion barrels of oil, that would not have otherwise been produced. 
Approximately a quarter of today's production in the Permian Basin, 250,000 barrels of 
oil per day, is generated by CO 2 based EOR. The effectiveness of 002 EOR in West 
Texas suggests that CCS could have a significant positive impact on future energy 
supplies while providing early opportunities for the reduction of GHG emissions. CO 2 
based EOR currently accounts for five percent of U.S. oil production. An important 
feature of this production, however, is that the CO 2 is sourced from naturally occurring 
gas reservoirs, and not from separation from industrial waste gases. 

Knowledge gained from fundamental studies, laboratory measurements of reservoir 
conditions, detailed geologic and simulation modeling and field pilot testing are 
integrated to develop new EOR technologies to substantially improve recovery and 
economic performance. All EOR processes have common challenges including the 
fundamentals of phase and flow behavior, fluid and rock compatibility, mobility control, 
and the scale-up of EOR process technology from the laboratory to the oil field. 
ExxonMobil maintains an active research program to understand and develop new 
EOR processes focusing on these issues. 

One of the best-known and longest-running CCS projects is in the Sleipner Field in the 
North Sea - in which ExxonMobil shares ownership (32.24 percent working interest). 
The project has stored ten million metric tons of CO 2 over the last decade. Our 
company is working with the European Commission and other companies on the 
C02ReMoVe project to evaluate a range of carbon injection and storage technologies 
in Norway. Algeria and Germany, 

ExxonMobil also recently announced that we are committing more than $100 million to 
complete development and testing of an improved natural gas treating technology for 
CO 2 removal called Controlled Freeze Zone™ technology (CFZ™) that could make 
CCS more affordable and significantly reduce GHG emissions. As part of this program, 
ExxonMobil is building a commercial demonstration CFZ^“ plant near LaBarge, WY. 

In addition, ExxonMobil is participating in the U.S. Department of Energy's Southeast 
Regional Carbon Sequestration Partnership and supports CCS research at the 
International Energy Agency's Greenhouse Gas Research & Development Program, 
and programs at leading universities, including Massachusetts Institute of Technology, 
Georgia Tech, the University of Texas and Stanford University, In Australia, 
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ExxonMobil with its joint venture partners in the Gorgon LNG Project is pursuing the 
largest commercial scale CCS project in the world. To date, the Gorgon CCS project 
represents the biggest single investment contemplated solely for the management of 
GHG emissions. 

COj storage / EOR is a near-term opportunity for initiating CCS, but it is not the long- 
term solution. Large scale demonstration of CCS in a coal fired power plant 
application is one of the most significant technology development and application 
challenges. Successful demonstration of CCS for these large scale applications will 
build public and investor confidence and allow CCS to move fonvard. In general, 
economic, legal and regulatory clarity and certainty are required before widespread 
commercial implementation of CCS will occur. The level of monetary investment 
necessary for meaningful CCS will be substantial, possibly reaching levels anticipated 
for energy development during this same time. The amount of physical infrastructure 
projected to be necessary to have a significant effect on atmospheric GHG 
concentrations will be similar to that which exists today for the production and 
transportation of oil and gas. Capture facilities will roughly double the current 
"footprint" of power plants and require a significant fraction (20-30 percent) of the 
plant's power output just for capture operations. A key determinant in making these 
investments will be the nature of the economic, legal, and regulatory environments. 


(16) What is a ballpark figure of how much your company pays in taxes each year? 

A: In 2007, ExxonMobil's worldwide tax expenses amounted to over $105 billion. From 
2003 - 2007, our U.S. tax bill ($64.7 billion), including all forms of taxation, exceeded 
our U.S. earnings ($46.0 billion) by almost $19 billion. 



(17) A couple of you mentioned the National Petroleum Council report “Facing the Hard 
Truths about Energy" do any of you disagree with the findings of that report? 

A; ExxonMobil supports the overall findings and recommendations contained in that 
Report. The Council advised: 
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a) Global energy demand is likely to grow significantly over the next 25 years, with 
forecasts generally in the range of 50-60 percent growth by 2030 over 2000. 

b) Fossil fuels will remain indispensable to meeting total projected energy demand 
growth. Even with assumptions for dramatic growth in solar, wind, and biofuels, 
fossil energy is generally forecast to continue to supply roughly 80 percent of the 
world’s energy needs through 2030. 

c) The world is not running out of energy resources, but there are accumulating 
risks to continuing the expansion of oil and natural gas production from 
conventional resources, primarily due to geopolitics rather than depletion; and 
these risks create significant challenges to meeting projected future energy 
demand. 

d) "Energy Independence” for the U.S., and for most countries, is not realistic in the 
foreseeable future. Furthermore, energy independence is not synonymous with 
energy security. There can be no U.S. energy security without global energy 
security. 

e) The majority of the U.S. energy workforce, including skilled engineers and 
scientists, is eligible to retire within the next decade — the need to train 
replacements poses a significant challenge. 

f) Policies aimed at curbing carbon emissions will require altering the energy mix, 
increasing energy-related costs, and reducing growth in energy demand. 

While the NPC's recommendations focus on the U.S., they can be broadly applied to 

other countries as well. Among the policy strategies recommended to address these 

"hard truths” were the need to: 

a) Moderate the growing demand for energy by increasing the efficiency of 
transportation, residential, commercial, and industrial uses. 

b) Expand and diversify energy production from clean coal, nuclear, biomass, other 
renewables, and unconventional oil and natural gas; moderate the decline of 
conventional domestic oil and gas production; and increase access for 
development of new resources. 

c) Integrate energy policy into trade, economic, environmental, security, and foreign 
policies; strengthen global energy trade and investment; and broaden dialogue 
with both producing and consuming nations to improve global energy security, 

d) Enhance science and engineering capabilities and create long-term opportunities 
for research and development in ail phases of the energy supply and demand 
system. 

e) Develop the legal and regulatory framework to enable CCS. As policymakers 
consider options to reduce carbon dioxide emissions, protride an effective global 
framework for carbon management, including establishment of a transparent, 
predictable, economy-wide cost for carbon dioxide emissions. 
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(18) Several of you mentioned the increasing cost of materials, difficulty In finding labor 
and specifically difficulty in finding engineers and scientists in oil and gas 
development. What policies do you think would help get the materials and people 
that you need? 

A; ExxonMobil relies on technology and innovation in every aspect of our business, and 
knowledge of math and science is critical in the energy sector. We employ 
approximately 15,000 scientists and engineers to help produce and deliver energy 
supplies safely, reliably, and affordably. The technological innovations necessary to 
facilitate human progress and meet key challenges in the years ahead will require a 
global workforce highly skilled in fields making use of math and science. 

Excellence in math and science education is directly correlated to the ability of 
countries to successfully compete and prosper in the global community of the 21st 
century. For example, the United States ranks behind other countries in terms of the 
proportion of students who perform well in math and science and pursue degrees in 
these subjects. Many math and science teachers in the United States do not have the 
benefit of strong content knowledge and training specific to the subjects they teach. 

In 2007, ExxonMobil continued investing heavily in math and science education In the 
United States. We supported initiatives that encourage students to take an active 
Interest in careers in the math and science fields, support the professional 
development of highly qualified teachers, and promote involvement of women and 
minorities in these subjects. 

ExxonMobil became a founding sponsor of the National Math and Science Initiative 
(NMSI) in 2007 and committed $125 million to support the Initiative, the largest-ever 
corporate gift for math and science education in the United States. NMSI Is a nonprofit 
organization that facilitates the national scale-up of programs that have a 
demonstrated impact on improving math and science education. 

See attached ofv-ed published in the New York Times on September 4, 2008 in which 
NMSI urges government to support the math and science education movement by 
funding the COMPETES Act passed earlier this year. 


(19) Is there something in the manufacturing sector that we need to do to help insure 
that you get the supplies that you need? 

A: Many domestic manufacturers, including ExxonMobil, support increased access to 
America's domestic oil and natural resources in order to expand supply diversity, 
improve our energy security, and increase supplies of critical energy feedstocks, with 
the potential therefore to lower the costs of these commodities. 
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(20) The International Energy Agency estimates that $22 trillion in new energy 
investments will be needed by 2030. Where would that money come from? 

A: Presumably, the massive investments needed to meet the world's growing energy 
needs, to sustain global economic growth, would come from multiple sources. These 
would include investments by publicly-traded independent companies, individuals, 
governments in some cases, and nationally-owned companies. 


(21 ) What would be required to get biofuels to a commercial scale that they could 
replace oil in the United States? 

A: ExxonMobil, EIA and many others believe that oil and gas will continue to play a 
significant role In meeting energy demand for many years to come, and that biofuels 
alone will not replace oil for the foreseeable future even if significant technological 
breakthroughs occur. 


(22) In your testimony, several of you point to speculation as a contributing cause of 
high crude oil prices. 1 have introduced legislation, the Prevent Unfair Manipulation 
of Prices (PUMP) Act (HR S94), which would improve oversight of “dark markets” 
which are curreritly unregulated by the Commodity Futures Trading Commission. In 
our December 2007 Oversight and investigation Subcommittee hearing, we heard 
testimony that this could reduce the cost of oil by $30 a barrel. Do you believe that 
speculation in the market is driving up the price of oil? Would you support this 
legislation? 

A: Crude oil prices are influenced by a multitude of factors. These include physical and 
fundamental factors, such as supply, demand, inventory, and spare capacity, as well 
as expectations of the market participants on such matters as potential weather- 
related effects and outlooks on the growth of supply, demand, and capacity. In 
addition, crude oil prices can be affected by currency exchange rates, geopolitical risks, 
and actions of Investors and financial institutions. It is not possible to identify 
definitively the Impact of individual factors on crude prices. 

ExxonMobil has reviewed the provisions of the Prevent Unfair Manipulation of Prices 
(PUMP) Act - HR 594. There should be no tolerance for acts of illegal or fraudulent 
market manipulation, and there are laws already enacted which would punish those 
who engage in illegal or fraudulent market manipulation. The FTC is currently 
engaged in a rule making process which virill address market manipulation. The FTC 
process is underway consistent with the authority it was granted by the provisions of 
the EISA 2007. Until the FTC rulemaking process is complete, we think it is premature 
to consider additional legislation, including the PUMP Act. 
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(23) What is the average number of barrels of oil your companies trade each day on 
NYMEX7 On the InterContinental Exchange (ICE)? 

A: ExxonMobil's use of derivatives is de-minimus and accounts for less than ~2 percent of 
our total physical trading volume. In 2007, about 150 Kbd of oil was traded through 
NYMEX and approximately 25 Kbd was traded through ICE. ICE is used primarily for 
simultaneous conversion of Brent priced cargoes to a WTI pricing basis for cargoes 
destined for the U.S. Use of ICE avoids two separate transactions Involving ICE and 
Brent since Brent is not traded on NYMEX. ICE Is also used to hedge exposure on 
fixed price heating oil sales to European customers. ExxonMobil does not use 
derivatives for speculation. 


(24) During the April 1, 2008 hearing, you each spent most of your time complaining 
about taxes, specifically that the Renewable Energy and Energy Conservation Tax 
Act (H.R. 5351) passed by the House would repeal $18 billion over ten years In 
subsidies to your companies. Several times during the hearing, you also said that 
your companies do not support mandates and subsidies for renewable fuels. Over 
the next ten years, your companies are expected to make $14.6 trillion. H.R. 5351 
would only account for approximately one tenth of one percent of your gross 
incomel How can you insist on retaining these subsidies and tax breaks for your 
companies while opposing assistance for renewable energy? 

A: First, we appredate the opportunity to address the facts behind the Domestic 
Manufacturing deduction (found under §199 of the Tax Code) because there have 
been so many mischaracterizations of this issue. 

As background. The American Jobs Creation Act of 2004 provided new tax rules for all 
U.S. manufacturers and producers. While this legislation began as an effort to modify 
the Extraterritorial Income Exclusion (ETI) tax rules declared illegal by the World Trade 
Organization, Congress expanded that goal to include the creation and retention of 
U.S. jobs throughout the critical domestic manufacturing and production sector, 
including, of course, jobs in the U.S. oil and natural gas industry. Promoting jobs in 
America continues to be a priority embraced by many in Congress today, and thus, 
repealing this provision at this time, in vriiole or in part, would be at odds with that goal. 

Congress had not reduced the U.S. corporate income tax rate since 1986, despite rate 
cuts enacted by many other nations. SecBon 199 addressed this for U.S. 
manufacturers and producers since, when fully phased in, the §199 deduction will be 
approximately the equivalent of a three percentage point reduction in the corporate 
income tax rate for all qualified domestic manufacturing and production income.' 

The §199 provision applies to all manufacturing activities In the U.S., i.e., it is not a 
provision designed solely for the oil and gas industry, or only for large companies in 
the oil and gas industry. Characterizing this general provision as an "oil company 
subsidy” or as a "tax break for big oil" is highly misleading to the public. Repealing this 


' The provision was "phased in" over several years, starting with the approximate equivalent of a 1% rate reduction 
for 2005 and 2006, a 2% rate reduction for 2007-2009, and finally the 3% reduction beginning in 2010. 
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provision only for U.S. oil and natural gas producers and refiners, or worse, only for 
five companies operating In that business, while maintaining it for all other 
manufacturers and producers, would simply single out one Industry, or worse, five 
companies within an industry, for unjust, punitive and arbitrary treatment. That is 
highly discriminatory and unsound tax policy.^ And the result would be to discourage 
critical new oil and gas investments here in the U.S., by making those already costly 
domestic energy investments even more costly and thus less competitive with foreign 
opportunities,’ In the refining sector, U.S. industry margins in the first half of 2008 fell 
dramatically from the first half of 2007. Given these current conditions for the U.S. 
refining business, and the call of many in Congress for increased refinery capacity, it is 
perplexing that some members of Congress would continue to propose increasing 
taxes on such investments. 

Investments in oil and gas exploration and development projects require a long-term 
commitment of massive amounts of capital. As we all have seen, the oil and gas 
business is a highly cyclical one, and the fact that prices are high at the current time is 
no guarantee that they will stay that way throughout the 20-30 years of the project life. 
One need only look back over the last 20-30 years, and the pr^ictions made during 
that period, to see the volatility of prices and the inaccuracy of predictions based on 
such prices. 

The issue, then, Is not whether sufficient capital exists to invest in such projects. It 
does, within our company, within our industry, and within the capital markets that oil 
and gas companies may access. But the question is whether the investor has a 
reasonable prospect, taking into account the huge uncertainties associated with such 
investments, to realize an acceptable return over the project life for undertaking such 
risks. Adverse changes to tax laws, which when originally enacted were intended to 
encourage certain Investments, not only reduce the returns on such investments after 
the fact but Inject even more uncertainties and risks for potential investors considering 
future projects. And increasing taxes on U.S. oil and gas investments will result in less 
domestic investment, and ironically, even greater reliance on foreign imports.^ 

According to a recent study by PricewaterhouseCoopers, the oil and natural gas 
industry employed 1.86 million wage and salary workers in the United States in 2004.® 
In addition, the industry’s purchase of goods and services from other industries 
supported nearly 4.1 million indirect and induced jobs across the country, resulting in 
nearly 6 million jobs as the total employment contribution of the oil and natural gas 
industry to the U.S. economy. Oil and gas extraction activities are found in 42 states. 


’ Interestingly, out of 78 oil and gas companies operating worldwide, the five companies singled out by the Senate 
for such treatment were ranked 42, 53, 57, 60, and 63 in terms of profitability based upon profit margin. See Energy 
Intelligence Research: The Energy Intelligence Top 100: Ranking the World's Oil Companies, 2008, p, 85. 

’ In the U.S,, the most promising exploration and development projects are increasingly found offshore. According 
to the Energy Information Administration, it costs U.S.-based oil and gas companies about 20 percent more to 
explore for and produce a barrel of oil or equivalent natural gas in the United States than abro^. 

* See the Congressional Research Service's CHS Report for Congress: Energy Tax Policy: History and Current 
Issues, Updated April I, 200S, which, in addressing the effect of the Section 1 99 repeal, states: "Domestic oil and 
gas output would be lower, and imports would be higher than they otherwise would be without the tax increase." 
Page 20. 

’ The Economic Contributions to the US. National and Slate Economies by the Oil and Natural Gas Industry, 
PricewaterhouseCoopers, January 15, 2007, Table 4, p. 9. 
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These are high-paying jobs for middle-class Americans, paying more than three times 
the current minimum wage for non-supervisory workers. Encouraging greater 
investment in domestic oii and gas operations in exactly the same way as for all other 
domestic manufacturers and producers helps keep more Americans working In these 
valued occupations. 

U.S. energy security is clearly enhanced by greater investment in domestic oil and gas 
activities. According to projections by the EIA in its Annual Energy Outlook 2008, 
domestic crude oil production is expected to rise slightly through 2020 before declining 
in the 2020-2030 timeframe. Increased access to available resources and a reliable 
fiscal and regulatory investment framework will be critical to sustain domestic 
production over the long temi and reduce U.S. reliance on imported oil. 

In order to provide adequate supplies of energy for American consumers, U.S. oil and 
natural gas companies must seek out the most cost-competitive sources of oil and 
natural gas available to them. Retaining §1 99 for the domestic oil and gas industry, 
and keeping those investments on a par with all other domestic manufacturing and 
production activities, will maximize domestic oil and gas investment and jobs, and 
reduce foreign imports. 


(25) At the American Society of Newspaper Editors Convention on April 14, 2005, the 
President said, "i wili tell you, with $55 [a barrei] oil we don't need incentives to oii 
and gas companies to explore. There are plenty of incentives. What we need Is to 
put a strategy in place that will help this country over time become less dependent, 
it's really important It's an Important part of our economic security, and it's an 
important part of our national security.” Today, crude oil prices are double the 
President's examplel Do you agree with President Bush that oil and gas companies 
do not need incentives to explore when oil Is more than $55 a barrei? Do you agree 
with President Bush that we should instead be investing in renewable energy that 
will help this country become less dependent on oil? 

A: ExxonMobil did not support or seek new incentives for energy production in the Energy 
Policy Act of 2005, which, contrary to the assertions of many commentators, resulted 
in a net tax increase for our company and for the oil and gas industry. See CRS 
Report for Congress- Order Code: RL33763, February 27, 2007 page CRS-14 
footnote b, which states: "Energy tax Increases comprise the oil spill liability tax and 
the Leaking Underground Storage Tank financing rate, both of which are imposed on 
oii refineries. If these taxes are subtracted from the tax subsidies (row 2), the oil and 

gas refinery and distribution sector received a net tax increase of $1,356 " million. 

The one benefit in EPACT05 for the oil and gas production sector, amortizing G&G 
costs over two years, which was less than the $1 .4 billion cost on the refining sector, 
has since been reversed in its entirety for integrated producers like ExxonMobil. 
ExxonMobil agrees that the world will need growth in all forms of energy, including oil 
and natural gas, to meet the needs of billions of people, particularly in the developing 
world, who aspire to be lifted out of poverty in coming decades. 
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(26) I have attached Internal memos from Chevron, Texaco, and Mobil. The Chevron 
memo quotes a “senior energy analyst at the recent API convention," stating “if the 
U.S. petroleum industry doesn't reduce Its refining capacity it will never see any 
substantial increase" in profits. The Texaco memo complains that “suppiy 
significantly exceeds demand” leading to “very poor refinery margins and very poor 
refinery financial results." The Mobil memo advocates keeping a smaller refiner, 
Powerine, from reopening, stating that a "full court press Is warranted in this case." 
From 1995 to 2002, more than 30 refineries have been closed In the United States. 
Have any of your companies applied for permits to build new refineries? If yes, how 
long did it take to obtain the necessary permits? In July 2007, gas prices increased 
30 cents overnight in Escanaba, Michigan. There were no supply disruptions or 
other major events that would influence the price this significantly. Is there any 
logical explanation why prices would Increase 30 cents in that short of time? On 
May 23, 2007, the U.S. House of Representatives passed H.R. 1252, the Federal 
Energy Price Gouging Prevention Act by an overwhelming vote of 284 to 141. 

Please explain why this legislation is not needed, given the significant price 
increases consumers continue to face. 

A: Since 1995, ExxonMobil has expanded its worldwide refining capacity at a rate 
equivalent to building a new, average-size refinery every three years. Much of this 
expansion occurred in the U.S. Expanding existing refineries is generally faster and 
less costly than building new refineries. Because ExxonMobil has focused on 
expanding existing refining capacity, we have not applied for permits to build any new 
refineries in the U.S. in the last decade. 

ExxonMobil's participation in the Escanaba, Ml market is minor and does not include 
any direct-served retail stations. ExxonMobil sells and delivers motor fuels to branded 
distributors at a bulk distribution terminal in Green Bay under supply agreements at 
"rack" prices, and these prices are established based primarily on local competitive 
conditions. These distributors either resell the product to their own franchisees or 
supply it to their own company-operated stations. ExxonMobil does not set the retail 
price at distributor-served stores. 

ExxonMobil's rack prices at the Green Bay terminal at the end of July 2007 were within 
14 cents per gallon of its rack prices at the beginning of the month. Prices did 
fluctuate throughout the month, at one point reaching a high of nearly 51 cents per 
gallon above the month low. There were a number of factors, clearly documented by 
the EIA and others, that may have contributed to price volatility during this period 
including inventory levels, increased demand and unplanned refinery outages. 
ExxonMobil does not have any refineries in Michigan and none of the unplanned 
outages occurred at an ExxonMobil refinery in the region. 

With respect to the Federal Energy Price Gouging Prevention Act (HR 1252), 
ExxonMobil does not engage in or condone price gouging. The majority of Exxon and 
Mobil branded retail stations are operated by individual dealers and distributors who 
independently determine the retail prices they charge at their stores. The price 
increases which consumers have seen in recent months are a function of transparent 
and free-functioning markets. Those same free-functioning markets reflect the 
dynamics of supply and demand that have resulted in decreases in crude oil and retail 
gasoline prices in the last few weeks. ExxonMobil believes that anti-price gouging 
lavifs are unnecessary and can have unintended consequences by introducing 
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ambiguous controls that could confuse and slow beneficial market responses to supply 
fuels during disruptions such as those caused by weather events. 


(27) In May 2004, the U.S. General Accounting Office released its report, "Effects of 
Mergers and Market Concentration in the U.S. Petroleum Industry.” In this report, 
GAO found that over 2,600 mergers have occurred In the U.S. petroleum industry 
since 1990. The GAO also pointed to economic literature that suggests that firms 
sometimes merged to enhance their ability to control prices. Each of your 
companies today is the result of significant mergers in the industry. Do you see 
any more mergers taking place? 

A: We believe that recent consolidations in the U.S. refining sector have improved the 
efficiency of U.S. refining, placing it in a stronger position to compete in the worldwide 
petroleum marketplace. In our own merger, we have seen improvements from sharing 
the best practices of each of the parent companies with the refineries of the other. 
Several refineries have been sold to independent/smaller refiners as part of FTC 
conditions for allowing mergers to proceed. For example, independent refiner Valero 
is now the largest U.S. refiner. 

We believe that consolidations in the U.S. refining sector have improved the efficiency 
and capacity of U.S. refining, thus benefiting consumers. In the last decade, refinery 
capacity has grown significantly, as has the production of refined products.^ U.S. 
refineries add the equivalent of one new refinery each year through expansion of 
existing facilities.' After significant restructuring in the industry, concentration of 
refining capacity is not at a level that gives rise to market power concerns — regional 
and national concentration levels are generally low to moderate. 

ExxonMobil does not know whether more consolidation of firms will occur in the future. 


(28) In your testimony, almost all of you mention “more domestic drilling" as your top 
solution to high energy prices. What assurance can you provide that oil and gas 
from the Arctic National Wildlife Refuge (ANWR), the Outer Continental Shelf (OCS), 
or other domestic sources wouid stay in the United States? What is your response 
to economists that teii us that the oii and gas will likely go to higher priced markets 
In Japan and elsewhere? 

A: Currently, the United States consumes almost all of the oil and natural gas it produces, 
according to the EIA. 

- In 2007 the United States exported 10 million barrels of crude oil out of a total U.S. 
production of 1.8 billion barrels. 


‘ See Energy Information Administration, ANNUAL Energy Review 2006, at page 141, Table 5.9 (Refinery 
Capacity and Utilization, Selected Years 1949-2006); Timothy J. Muris and Richard Parker, A DOZEN Facts You 
SHOULD Know about Antitrust and the Oil Industry 44. 

' Muris and Parker, supra note 2, at 26. 
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- In 2007 the United States exported 822 million cubic feet of natural gas, out of a 
total U.S, production of 24.5 trillion cubic feet. 

Economic nationalism in the form of protectionism hinders international market 
progress, invites countermeasures, and ultimately harms the people in the nations 
adopting such policies. The fact is we live in a connected world, and it is becoming 
more so every day. When prices are high and supplies tight, passions can run 
high. Oil importing nations can feel the pressure to assert their independence, as can 
oil exporting nations. On both sides, economic nationalism may gain in popularity, at 
the expense of international market progress, and ironically, hurting those that it seeks 
to protect. 

The path to energy security - in this or any other country - lies in open, competitive 
markets, international trade, diversity of supply, and the strengthening of relationships 
between producing and consuming nations. The value of such an interconnected 
marketplace is that energy security is enhanced when there are more participants, 
better relationships, and more diverse sources of supply. 

The U.S. depends upon oil imports to meet approximately 60 percent of its oil 
requirements. If importing nations diversify their sources of energy, strengthen their 
partnerships with exporting nations, and develop and use their resources more 
efficiently, they will become less dependent on any one country or region for energy. 
Removing barriers to trade, improving access to resources, and opening markets to 
free competition will help minimize potential disruptions. 


(29) In May 2006, the Energy and Commerce Committee held a hearing on gas prices, 
and we discussed the crack spread, or the difference between a barrel of crude oil 
and the refined product. At this hearing, the average crack spread for a refinery in 
2006 was estimated to be about $20 to $30 a barrel by Howard Gruenspect, the 
Deputy Administrator at the Energy Information Administration. Mr, Gruenspect 
testified that a crack spread of $8 or $9 is sufficient to cover refining expenses and 
provide a reasonable profit to the facility. What is your current crack spread at the 
refineries your companies operate? Why have your companies scaled back their 
refinery expansion plans to keep crack spreads high? 

A: ExxonMobil has not scaled back its refining expansion to keep crack spreads high. As 
noted above, ExxonMobil has been increasing its refining capacity by expanding its 
existing refineries. ExxonMobil does not comment on its current refining economics. 


(30) Please provide a list of oil and gas leases currently in the possession of your 
company and Its subsidiaries, and give a status report as to the state of the 
production of each of these leases. 

A: We have compiled the following summary data. In reviewing the lease data, however, 
it is important to note that these figures provide only a snapshot in time of 
ExxonMobil's holdings. 


19 



206 


Currently, ExxonMobil is either producing on or actively evaluating 78 percent of our 
Federalty-leased acreage. The majority of the remaining leased acreage is projected 
to expire within the next 12 months. 

ExxonMobil has made significant bonus payments to the Federal government to 
acquire these leases and pays annual rentals to maintain them. We also invest 
millions of dollars In exploration costs in our efforts to find commercial quantities of oil 
and natural gas. If oil and natural gas are not discovered within the tease term, the 
lease reverts to the government for re-leasing and ExxonMobil forfeits ail the money 
invested. Thus, ExxonMobil has a strong financial incentive to develop these leases 
and commence production as quickly as possible. 

ExxonMobil currently holds 2.7 million net acres in leases on federal lands. Of this, 68 
percent (1.8 million net acres) is located offshore and 32 percent (854 thousand net 
acres) is located onshore. Forty nine percent (1.3 million net acres) is categorized as 
producing, and 29 percent (785 thousand net acres) is categorized as nonproducing - 
active. 

We have identified nonproducing - active acreage by using the following definition: 

Activities that include, but are not limited to, mapping and surveys, surface and 
subsurface geological/geophysical examinations, investigations and studies (including 
acquisition, reprocessing, and interpretation from seismic, gravity, or magnetic 
surveys), obtaining and analyzing well data via trading, purchasing and/or the drilling 
of wells (including wildcat and appraisal wells), and all work necessarily conducted 
therewith (e.g. land activities such as negotiating farm outs. Joint ventures and acreage 
trades, etc.) as well as regulatory activities such as permitting, evaluation of 
archeological and biological suitability for well locations, etc. 

The remaining 22 percent of ExxonMobil’s federal lands (589 thousand net acres) is 
categorized as nonproducing — no current activity. More than 80 percent (483 
thousand net acres) of the nonproducing — no current activity acreage is located in 
the Gulf of Mexico and is projected to expire by the end of IQ 2009, at which time it 
will be available for re-teasing under future MMS Gulf of Mexico lease sales. This 
acreage has been under evaluation for some time using technology such as seismic 
acquisition and processing, regional geologic studies and lease-specific geologic 
mapping. This work led to the conclusion that these leases do not likely contain 
commercial quantities of oil and/or natural gas and therefore we have taken the 
decision to allow the leases to expire. 

The portion of ExxonMobil's acreage portfolio which is inactive and does not expire in 
the near term — which is only 4 percent of ExxonMobil’s Federal leases — is also 
located largely in the Gulf of Mexico. This acreage has been evaiuated through 
geologic and geophysical studies and the conclusion we have reached is that the 
prospectivity of these leases is low or exceedingly risky and therefore, for now, we 
have ceased activity on them. While currently not active, new data and / or exploration 
concepts may lead to a change in our perspective and revitalization of activity. 

ExxonMobil believes that the United States needs to allow the oil and gas industry to 
bring to bear the full range of Its technolt^lcal advances to develop to the fullest extent 
the country's domestic resources to help meet the nation's growing demand for energy 
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and sustain our economic growth. Legislative and regulatory actions that would 
suspend new leasing to most or all lease holding companies, add costs, and 
undermine contract sanctity, would prevent new investment and shrink the nation’s 
energy supply. Oil and gas Is a global business and the United States already has the 
largest barriers to its own energy resources. It seems unconscionable to consider 
policies that would make a bad situation worse sending more investment and jobs 
overseas and reducing energy security. 

The problem Is not that companies are ignoring the leases they have but, rather, that 
companies do not have access to some of the most promising federal acreage and, as 
a result, are struggling to find new oil and gas supplies from the limited offerings of the 
last 10 years. The United States now imports approximately 60 percent of its supply 
from other countries (many of whom allow exploration and production activities on 
substantially all of their lands) while prohibiting access to nearly 90 percent of the 
acreage off of the East and West coasts and Gulf of Mexico. The continuation of ill- 
advised policies that preclude access to prospective acreage will accelerate the 
current decline in domestic oil and gas production. It also forgoes the building of a 
more diverse domestic supply to maximize the United States' energy security. 

Our economy needs affordable energy supplies to compete In the global marketplace. 
Therefore we strongly believe that our companies must be allowed access to areas 
that may have the potential to produce the oil and natural gas consumers will need. 
The oil and natural gas from federal leases that are producing today are a result of the 
foresight of Congress in years past. The appropriate question to be answered by this 
Congress is "where do we want to be ten years from now?" 


(31) As fuel prices rose over the past 6 years, has American demand decreased? Why or 
why not has this occurred? if gas taxes were increased, do you think demand 
would decrease? Old this happen In European countries when then imposed large 
gas taxes? 

A: According to the EIA, demand for crude oil and petroleum products increased from 
19.8 MBD in 2002 to 20.7 MBD in 2007. Over ^e same period, motor gasoline 
demand increased from 8.8 MBD to 9.3 MBD. 

Decreased demand for petroleum products in general and gasoline in particular has 
only been consistently evident in the past year. According to EIA data, sustained year- 
on-year reductions began late 3Q 2007. 

Why or why not has this occurred? 

Demand for petroleum products is determined by many factors including economic 
progress and rising population as well as price. As energy is essential to our way of 
life, demand is fairly inelastic to price, particularly in the short term. Gasoline Is a good 
example of petroleum demand inelasticity. 

Until recently, the positive income effect of economic growth has dominated the 
negative price effect resulting in a continued demand increase from 2002 to 2007. 
However, as the U.S. economy slowed down in late 2007, the positive income effect 
has been smaller. At the same time, high gasoline prices have been exerting a more 
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significant negative price effect. The combination has contributed to the recent 
reduction of gasoline demand. 

If gas taxes were increased, do you think demand would decrease? 

Ultimate energy demand and market prices are determined by many factors with taxes 
being just one element. However, ail else being equal, raising gas taxes would result 
in higher gasoline prices and potentially work to reduce demand subject to the nature 
of the tax increase. 

□id this happen in European countries when they imposed large gas taxes? 

Fuel demand for commercial and personal transportation is determined by many 
factors with taxes being just one element. However, substantial taxes on fuels in 
Europe, including gasoline, have been a contributing factor in moderating demand 
growth. 


(32) At current projections, when will your current reserves be depleted? 

A: Our exploration programs have consistently added to our resource base and we expect 
will continue to add resources in the future. Based on 2007 oil equivalent data, our 
proved reserves base of over 22 billion barrels Is equivalent to over 14 years of 
production at 2007 levels. This ratio of proven reserves to production has increased 
every year since 1994, as we have consistently added to our reserve base. Our total 
resource base of 72 billion barrels is equivalent to over 45 years of production. 


(33) When do you expect underdeveloped countries will reach a level to where they will 
begin to significantly buy oil for use? How will this affect supply and fuel prices? 

A: While a specific answer would depend on one's definition of "undeveloped countries," it 
is a fact that world oil consumption continues to grow, following seven consecutive 
years of rising prices, primarily from growth in China and other developing countries. 
The graphic below illustrates this growth, which has been an important factor in 
increasing global oil prices. 
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The U.S. Energy Information Administration preliminary data indicate that world oil 
consumption during the first half of 2008 rose by roughly 520,000 barrels per day 
compared to 2007. A 1 .3 million barrel per day increase in non-OECD countries, led 
by China and the Middle East, more than offset a 760,000 barrel per day decline in 
OECD countries. 

ExxonMobil projects that future energy demand will grow fastest in the developing 
world (non-OECD countries) in the coming decades, accounting for approximately 80 
percent of the global increase. 


(34) If all conventional, alternative, and unconventional sources of oil In the U.S. were to 
be developed, how long would the supply last based on current estimates of 
increased usage? 

A: The U.S. Department of Interior estimates that all federal lands, including those on the 
Outer Continental Shelf (OCS), hold an estimated 1 16 billion barrels of recoverable 
conventional oil and 650 trillion cubic feet of recoverable natural gas. According to the 
American Petroleum institute (API), this is enough oil to produce gasoline for 65 million 
cars for 60 years and enough natural gas to meet the heating needs of 60 million 
households for 160 years. And hydrocarbons are not only the foundation for fuels, they 
are also the basis for a myriad of products such as advanced plastics that are key to 
improving quality of life and reducing the environmental impacts of our vehicles, 
regardless of their source of fuel. 

However, it is important to note that these resource estimates are just that - estimates 
- and particularly in the case of the OCS, the estimates were made using data 
acquired pre-1 980 from now-obsolete technology. In 1 987, the MMS estimated that 
there were 9 billion barrels of oil in the Gulf of Mexico. By 2006, after major advances 
in seismic technology and deepwater drilling techniques, the MMS resource estimate 
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for that area had ballooned to 45 billion barrels. Therefore, it is very possible that there 
are significantly more resources than currently estimated on federal lands. However, 
the real potential and location of the resources will only be known after new seismic is 
carried out. 

According to the Bureau of Land Management (BLM), U.S. oil shale deposits contain 
an estimated 1 .23 trillion barrels of oil - more than 50 times the nation's proven 
conventional oil reserves. U.S. tar sands deposits are estimated to hold an additional 
12 to 19 billion barrels of oil. 


(35) Please describe to this committee your short, middle, and long-term plans for oil 
and renewable energy development 

A: Enclosed please find the ExxonMobil 2007 Financial and Operating Review, in which 
we address energy and technology trends, articulate our capital investment philosophy 
(at page 34), a listing of Major Project Start-ups around the world, and regional review 
of key investments. 


(36) Which tax policies do you find particularly important as you develop oil and natural 

gas resources? 

A: The most important tax policies for development of oil and gas resources are those that 
are applicable to all U.S. taxpayers- that is, long-term stable tax provisions that are 
impartial, non-discriminatory and that promote, or at least don't disadvantage, the 
competitiveness of U.S. based companies. This is why we have objected to the 
singling out, for punitive tax treatment, of five companies by repealing, just for them, a 
provision put in place only 4 years ago which was designed to promote U.S. jobs. 

How can any taxpayer rely on such expressions of Congressional intent if they are 
reversed before they have a chance to have the impact that Congress said was 
desired? These provisions apply equally to all U.S. manufacturers and producers, and 
targeting five companies, and suggesting that this provision Is something unique to 
them, and needs to be "taken back", is highly arbitrary, unsound, and unwise tax policy. 
It hardly promotes confidence that any taxpayer can rely on provisions ostensibly 
enacted to encourage certain activities when they are reversed in such an arbitrary 
fashion. 

We are equally concerned about the proposed changes to the foreign tax credit rules 
applicable to U.S. based oil and gas companies operating abroad. Those companies 
already face more restrictions than any other U.S. business enterprise with respect to 
their foreign operations. If anything, the rules should be conformed to treat all U.S. 
taxpayers engaged in business operations outside the U.S. in the same way. But 
changing them as proposed in order to raise revenues without any justification that has 
been published and that taxpayers have been able to comment upon is, again, 
improper and unsound tax policy. These provisions, if enacted, will make U.S. 
companies less competitive than their foreign counterparts, and this can hardly be a 
benefit to the country. 
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We would finally point out that much has been made about expressions regarding tax 
incentives to the oil and gas industry provided under the Energy Policy Act of 2005, or 
EPACT05. There was one provision in EPACT 05 that favorably affected integrated oil 
and gas production activity. There were some additional provisions that favorably 
affected oil and gas refining and distribution activities, but these were more than offset 
by energy tax increases on the oil refining sector such that the act actually resulted in 
a net tax inaease to that sector of over $1 .3 Billion. The only favorable oil and gas 
production sector provision was reversed in 2006, and made even less favorable in 
2007 for integrated oil and gas companies. It Is particularly ironic that politicians keep 
talking about "taking away" the incentives given to the oil and gas industry under 
EPACT05, when from the beginning they amounted to a net increase in taxes on the 
oil and gas industry and since then, the ^vorable aspects which kept the tax increase 
from being even larger have been reversed. 


(37) How much does ExxonMobil Invest annually in new technologies? 

A: ExxonMobil spends more than $1 billion on technology development annually. 


(38) What effect did President Hugo Chavez’s decree to nationalize your assets in 

Venezuela have on future investmentiexploration plans abroad? 

A: Unfortunately, current conditions and emerging challenges have led some to pursue 
isolationist or protectionist energy policies which could have severe consequences for 
the global economy and for global energy security over the longer term. The key to 
addressing global energy challenges lies in free markets and strong international 
partnerships, with the "rule of law" as an essential foundation. It continues to be very 
important that industry, policymakers and civic leaders work together to support these 
Important pnnciples. 

In addition, ExxonMobil is confident that its ability to complement partnerships with 
National Oil Companies, and other partners, will assure its future competitiveness. In 
these partnerships, we are able to align interests to maximize the value of a given 
resource. We provide: (i) proprietary technologies and financial capability; (ii) proven 
operations and project management capabilities; and (ill) highly qualified and 
experienced professionals. With technology, we can overcome the challenges 
associated with geography and geology, i.e., much of the Earth’s remaining 
recoverable oil resources are found in complex geologic formations, in remote 
locations, and under harsh conditions. With project execution excellence, we have 
demonstrated our ability to deliver on project completion timelines, consistent with 
integrated contracts, and within budgets. This capacity Is critical In today’s relatively 
high price environment, where inefficiencies and mistakes are easily magnified. 
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(39) On page four of your testimony, you state, “Government mandates and subsidies 
distort market forces and impede technological innovation." Can you give 
examples of unintended consequences of government mandates and subsidies 
regarding energy manners? 

A: Examples of unintended consequences of government subsidies and mandates in 

energy markets Include; 

a) The 1970s crude oil and petroleum product price controls and allocation/ 
entitlement systems, which created shortages of petroleum products and long lines 
at gas pumps in the U.S., and which promoted construction of a large number of 
small "refineries" which produced little-to-no finished product but collected benefits 
under the entitlements program. 

b) The 1980 Windfall Profits Tax, which reduced domestic crude oil production as 
much as 6 percent and increased Imports as much as 16 percent, according to the 
1990 report by the Congressional Research Service. 

c) The 1980 creation of the U.S. Synfuels Corp, which spent over a billion dollars to 
create synthetic liquid hydrocarbons, creating a boom and bust leading to 
considerable economic hardship and no lasting gain. 

d) The domestic ethanol tax credit and tariff, which promotes domestic corn-based 
ethanol over less expensive Brazilian sugarcane-based ethanol. Ethanol subsidies 
began in 1973 and resulted in only modest domestic capacity increase with no 
breakthrough technical innovation. 

e) The recent Renewable Fuel Standards, which has spurred more significant 
increase In domestic corn ethanol capacity, raising concerns about the effect on 
human and animal food prices. While research has increased in the field of 
cellulosic ethanol production, breakthroughs to substantially reduce cost and 
increase scale remain elusive. Worldwide, biofuels mandates have raised 
concerns about deforestation, water use, and higher food phces. 

f) The 1990 Clean Air Act Amendment mandate for at least 2 percent oxygen in 
reformulated gasoline, intended to promote ethanol use but which lead to 
increased use of MTBE, since insufficient ethanol capacity existed. 

g) The proliferation of boutique transportation fuel requirements in the U.S, which 
reduces the flexibility of the petroleum supply system to respond to disturbances 
and which increases costs to consumers. 

h) The California failed electricity market deregulation, where a combination of 
wholesale deregulation and retail price controls resulted in total system failure and 
bankruptcy of power supply utilities. 

i) The California methanol mandate, which required investment in vehicles and 
fueling infrastructure for methanol to replace petroleum, but failed to stimulate a 
replacement industry. 
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j) The California Zero Emissions Vehicle mandate, which has forced significant 
investment by auto companies without generating the hoped-for breakthrough in 
battery or fuel cell technology. 

k) The 1973 Alaska North Slope crude oil export ban, which reduced the value of 
ANS crude and the subsequent royalties and taxes collected until repeal in 1995. 

l) Subsidies for fossil fuel use in numerous countries around the worid today, 
including China, Indonesia, Mexico, India, Iran, and Venezuela, encouraging 
consumption and discouraging the development and pursuit of energy use 
efficiencies. 
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ExxonMobil Is donating this week's op-ed space to tfw National Math and Science Initiative. 


Do the math 

A proven formula for improving U.S. math and science proficiency. 


imaging if we could dramatically increase the num- 
ber of American high-schoot students taking — 
and passing — Advanced Placement exams in 
math and science. 

imagine the improved odds of success for 
these young pKJple. Students who pass AP exams 
are three times more likely to earn a college degree 
than those who do not. 

imagine the benefrl to our nation, where decBn- 
ing math and science proficiency poses an increas- 
ing threat to America's future as an innovator arxl 
economic leader. 

No to Imagine any longer. 

It’s already happening in 143 high 
schools in seven states. 

These schools are imple- 
menting the Advanced Placement 
Training and Incentive Program 
supported by the National Math 
and Science Initiative (NMSI). 

This hnovative program offers 
training for AP teachers, tutoring 
for students, and mini-scholarships, and provides 
greater opportunities for minorities and economi- 
cally disadvantaged students. 

The results are startling: For participating 
schools In their first year of the program, AP enroll- 
ment in math, science, and English rose by nearly 
60 percent this year alone. As a result, in 2009 ttie 
number of students taking these AP exams in 
these 1 43 schools is projected to be over 30,000. 

NMSI’s other flagship program, UTeach, which 
encourages math and science majors to pursue 
careers in teaching, had similar success. At the 
University of Texas and the 13 universities 


awarded grants to begin UTeach programs, over 
1 ,000 students enrolled. 

TNnk of It: In just one year, a thousand more 
bright mhds committed to teaching math and sd- 
ence, and thousands better prepared to compete 
in today’s technology-driven economy. 

We can multiply that success — across 
schools, and across the nation. Many more states 
and universities stand ready to adopt NMSI’s pro- 
grams once funding is available. 

In support of NMSI. ExxonMobil has commit- 
ted the largest single financial gift 
ever for improving math and sci- 
ence education. Other funding 
partners include the Bill & Melinda 
Gates Foundation and the Michael 
& Susan Dell Foundation. We invite 
other private donors to join this 
important, urgent cause. 

We also urge government to 
back this education movement. 
Congress recognized the urgency 
of improving math and science education by pass- 
ing the America COMPETES Act earlier this year, 
but has not funded the programs. 

Now, as lawmakers weigh how best to fund 
our nation’s educational goals. NMSl’s programs 
are available as proven, powerful tools that can be 
replicated across all 50 states. 

Because when you do the math, one of the 
best ways to strengthen America’s technological 
leadership is to invest in the students who will 
become tomorrow's innovators. 

To learn more, visit www.nationalmathand 
science.org. 


NATIONAL 

MATH 

+ 

SCIENCE 

I N f T i A r I V B 
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SHELL OIL COMPANY RESPONSES TO POST-HEARING 
QUESTIONS (APRIL 1, 2008 HEARING) 

t THE SEIiECT COMMITTEE ON 

EIERSY liOEPEMDENCE AMO fiLOBAL WARMiMB 


Select Committee on Energy Independence and Global Warming 

1 ) How much did your company invest in renewable energy technologies by year and by 
project over the last 10 years? 

The investment for research and development is not broken out by business, but our 
total investment in our renewables business and technologies is well over a billion 
dollars in the past five years. 

2) How much does your company plan on investing in renewable energy technologies by 
year in coming years? 

Driving down the cost of viable renewable technologies and positioning Shell for 
leadership in this high-growth sector is also an important part of investing with a long- 
term strategic view. The investment for renewable technologies is based on the needs 
of the business for procurement of turbines, towers, gearboxes, etc. in relation to wind 
projects or for biofuels and hydrogen, which infrastructure is needed and in line with 
the permitting that has been approved. The government can also play a positive role 
in supporting the demonstration phase of new technology, particularly advanced 
biofuels. 

3) Based on the fundamentals of supply and demand, what does your company estimate 
the price of oil should be were it not for speculation, and other factors? Mr. Simon from 
ExxonMobil testified that their analysis of fundamental supply and demand suggests a 
price of oil in the $50-55 range, and prices above that figure are due to speculation, 
weakening dollar and geopolitical stability. Do you agree or disagree with that analysis? 

There are many factors affecting prices, not the least of which are growing 
world demand coupled with diminishing existing supplies and limited 
accessibility to new energy resources. It has been Shell’s policy to not engage 
in public comments regarding energy price forecasts. 

4) What percentage of the current price of oil is a result of speculation? 

While the number of speculative trading participants, including commercials users, 
such as Shell, and non-commercial users, such as pension funds, endowment funds 
and hedge funds, has increased, it is unclear what effect this activity has had on 
prices, if any. The Commodity Futures Trading Commission (CFTC) recently stated 
that there was an absence of evidence that speculation had driven up oil prices. What 
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is clear, however, is that the combined oil commodities trading community is telling us 
that we need to produce more oil. 

5) How much did your company invest last year in emerging energy technologies in North 
America and what types of technologies would that include? 

Shell is involved in many emerging technologies and participates in joint ventures on 
several fronts for biofuels, hydrogen, wind and solar. The government can also play a 
positive role In supporting the demonstration phase of new technology, particularly 
advanced biofuels. 

6) In 2030, what percentage of global energy demand will be met by fossil fuels? 

Leading experts have calculated that by 2030, the world will demand an additional 35 
million barrels of oil per day and 64 percent more natural gas than we are producing 
today. It has also been forecast that these fossil fuels will continue to meet more than 
50 percent of the world’s energy needs at that time, 

7) Do you think that it is important as an energy security issue, to use more of the US 
reserves of oil and natural gas? What are the best policies to assure our energy 
independence? 

If domestic energy security is a priority, as we believe it should be, 
policymakers should embrace three equally-important policy objectives^ — first, 
increased conservation and energy efficiency; second, development and 
commercialization of new energy technologies; and third, the development of any 
domestic energy resources in an environmentally safe and responsible way. At a time 
when global energy demand is rising and energy prices are high, there is every 
reason to embrace these three complementary energy policies. 

In addition, regarding domestic oil and gas resources, the US has 
abundant supplies that are not available for development, because government 
policies place them off limits. The result — domestic production of oil and gas has 
fallen steadily for the last 35 years. In fact, oil production in this country peaked in the 
1970s. In 2006, the U.S. imported 3.7 billion barrels of oil to meet domestic demand, 
which is more than seven times the amount imported in 1970. The United States is 
the only country in the world that restricts the use of its own energy resources while 
transferring trillions of dollars of wealth to other countries in order to import energy. 

8) What percentage of your stock is own by pension plans and retirement accounts? 

Around 10% of total outstanding RDS shares are held by US pension funds. 

9) Do you support the use of coal-to-liquids as an alternative to traditional petroleum? If 
not, why not? As a follow up, wouldn’t the use of coal-to-liquids significantly increase our 
domestic supply of fuel? 

Yes, we support coal to liquids technology (CTL) and believe it has the potential to 
contribute to liquid hydrocarbon supply. As the CTL technology is in the very early 
stages of development, the potential contribution is uncertain at this time as the 
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industry deals with such issues as costs and management of greenhouse gas (GHG) 
emissions. Shell is participating in two CTL studies in Australia and in China with the 
goal of better understanding how these issues can be best managed in a way to 
enhance the potential contribution of CTL. 


10) How much bio-fuel and ethanol do you think realistically can be substituted for traditional 
petroleum? 

The Energy Independence and Security Act of 2007 sets a new Renewable Fuel 
Standard (RFS) requirement for 21 billion gallons of advanced biofuels and 36 billion 
gallons of total renewable fuels by 2022. Included are requirements for 1 billion 
gallons of biodiesel and 16 billion gallons of cellulosic biofuels. The remaining 4 billion 
gallons of advanced biofuels may come from any source. In addition to the longer- 
term goals, EISA significantly Increased the short-term renewable fuel requirements 
and schedule compared to the 2005 energy bill. Thus, short-term, due to 
infrastructure limitations on the transport and blending of ethanol into gasoline, the 
refining Industry will likely struggle to meet the mandated levels. Another key 
limitation is that under current law, the legal limit for ethanol in gasoline is 1 0 percent 
by volume. To efficiently increase the use of ethanol, that limitation would have to be 
raised to higher percent volume of ethanol such as 12%, 15%, etc. Going beyond 10 
volume percent ethanol in gasoline, however, requires ERA, state and local 
governments to make a series of decisions relating to fuel specifications and 
infrastructure and vehicle specifications to allow higher levels of ethanol. 

Longer term, the Energy Information Administration (EIA) in its Annual Energy Report 
(AEO) 2008 predicts that “Ethanol use in the AE02008 reference case, grows from 
5.6 billion gallons in 2006 to 23.9 billion gallons in 2030-about 16 percent of total 
gasoline consumption by volume and about 65 percent more than in AE02007. The 
RFS requirements for 15 billion gallons non-advanced renewable fuel, 4 billion gallons 
advanced biofuel, and 1 billion gallons biodiesel appear achievable, but there is great 
uncertainty over the volume of cellulosic biofuel that will be available by 2022, as 
today neither cellulosic ethanol nor biomass-to-liquids (BTL) are commercially 
available. The EIA also recognizes this in their AE02008 saying, “Although the 
situation is very uncertain, the current state of the industry and ElA's present view of 
projected rates of technology development and market penetration of cellulosic biofuel 
technologies suggest that available quantities of cellulosic biofuels before 2022 will be 
insufficient to meet the new RFS targets for cellulosic biofuels, triggering both waivers 
and a modification of applicable volumes, as provided for in Section 21 1 (o) of the 
Clean Air Act as amended by EISA2007." 


11) Are you involved in developing production in Canada's oil sands or Western oil shale? 
Do you believe those alternatives will become more viable if the price of oil continues to 
rise? 

Shell is actively involved in developing oil sands in Canada and has been conducting 
research on the western slope of Colorado for oil shale for the past 27 years. The 
price of oil is not as important as developing these resources in a sustainable way. 
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1 2) The American Jobs Creation Act provides a tax credit of up to $1 .00 per gallon for the 
sale and use of "agri-biodiesel" - biodiesel from virgin agricultural products. The credit is 
$0.50 per gallon for biodiesel from recycled grease. In addition, the law provides an 
excise tax credit for biodiesel blends (i.e., biodiesel and conventional diesel). Producers 
are eligible for one credit or the other, but not both. The Energy Policy Act of 2005 
extends these credits through 2008. Do you support making these credits permanent? 
Do you support increasing these credits? 

For 2007, Shell US companies claimed only $24K in federal agri-biodiesel credit in 
2007. So, this does not appear to be a significant issue historically. 

• From: A National Dialogue on Energy Security: The Shell Final Report: 

• Point 5 (of 12 point “Solutions”) “Move biofuels beyond corn. . . . We need to 
invest in the new infrastructure required to move, blend, and distribute the billions 
of gallons of fuel, and governments— federal and local — need to assist with 
timely permitting.” Pg. 14. 

• Finally, from “Shell’s Policy on Tax Incentives (2006)": 

“Shell supports a level playing field. ...Shell does not believe in supporting one 
business at the expense of another one of its businesses. ...Shell does not support 
legislation that gives competitors a competitive edge at its expense.” 

"Shell supports reasonable incentives in certain contexts, and will take into account 
the following factors in making this determination: 

—New markets or new technology. Incentives may be warranted where there are 
new markets or new technology (e.g. CCS, SURE, lOGEN). However, such 
incentives must consider: Prices (in a high price environment, incentives should be 
phased out as a general rule); and Time (incentives should have a limited time, and 
should be reflective of normalization in the marketplace. 

—Societal goals. Shell supports incentives that support societal goals, including 
national security and environmental protection (e.g. new green technologies). 
-Economic development. Shell supports incentives for infrastructure siting/expansion 
designed to enhance the competitiveness of a community or attract investment.” 


13) Do you support suspending or reducing the number of “boutique fuel mixes" that each 
state mandates in order to reduce gas prices in the near future? 

Yes. State boutique fuel requirements undermine the flexibility that Congress 
intended to establish in the federal renewable fuels program, which calls for a 
nationwide program that encourages the most economic use of renewable fuels for 
the benefit of consumers by not dictating where renewable fuels must be used and by 
allowing credit trading. State ethanol and bio-diesel boutique fuel requirements 
reduce the overall efficiency of the gasoline and diesel distribution system. In the 
event of a supply disruption, such as a refinery outage or a pipeline break, boutique 
fuel requirements hinder the distribution of fuels potentially leading to supply 
shortages and price volatility in boutique fuel markets. 
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Shell is one of the world’s largest distributors of fuel containing bio-components. We 
are investing in the development of 2nd generation bio-components using sources 
that meet standards for sustainable development and societal performance such as 
cellulose ethanol from agricultural residues. We recognize the positive contribution 
that these fuels can make towards the diversity of energy supplies, energy security 
and environmental goals. We support an open, fair and competitive global 
marketplace. 


14) Do you believe that the Energy Independence and Security Act of 2007 went far enough 

to access US oil and natural gas resources? 

In 2006, Congress took a significant step in opening some new oil and gas prospects 
in the Gulf of Mexico to exploration and development while, at the same time, 
providing those energy-producing states and local coastal communities in the region 
with a revenue stream to help ensure economic and environmental stability. Congress 
should extend Outer Continental Shelf revenue sharing for all coastal areas adjacent 
to offshore development and should make more areas available for offshore leasing. 

We need more than oil and gas to meet demand. We need all forms of energy - plus 
conservation and energy efficiency. Shell commends Congress for passing the 
Energy Independence and Security Act of 2007 with more stringent CAFE standards. 
These standards and the other provisions in EISA will do more to increase energy 
efficiency than any other piece of legislation in recent memory. Congress should 
continue to adopt policies that encourage conservation, and companies like ours must 
continue to think more creatively about products and services we can develop to help 
customers use less energy. Consumers — and that means all of us — must think more 
about our own energy footprints: when and how we drive, what we buy, how we work 
and the kind of world we want to create for coming generations. 

Government agencies must also have the staff and the resources needed to do the 
environmental analyses and other scientific studies that must underpin energy 
projects of all kinds. This data is critical and must be completed in a thorough and 
timely manner. Therefore, Congress should consistently authorize and appropriate 
funding for these key federal agencies to hire, retain or contract the expertise needed. 

Shell supports the adoption of a federal law to reduce greenhouse gases. Specifically, 
we support a cap-and-trade program coupled with sector approaches. Such a 
program must include policies that lead to commercialization of a carbon capture and 
storage (CCS) technology. Congress should ensure that we address C02 emissions 
as we make the transition away from fossil fuels to new energy sources. 

Finally, we need individuals skilled in math, science, technology and engineering to 
build the workforce of the future that will bring new energy sources to America. School 
curricula should include more study of energy - where it comes from, how it is used 
and the impact of the energy choices we make. And these lessons should begin at an 
early age, to shape consumer behavior and encourage curious young minds to 
become our next generation of energy engineers. We welcome Congressional 
initiatives that will help secure a future energy workforce. 
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15) Are you actively pursing carbon sequestration and Enhanced Oil Recovery in your oil 
fields and has that work been successful? What more needs to be done in this area? 

Shell has a strong legacy across the range of thermal, gas and chemical EOR 
processes, and is working hard to implement a clear strategy, growing the amount of 
EOR projects and implementing the different EOR technologies. Though we do not 
currently have any active 002 EOR operations Shell was instrumental in developing 
many of the existing EOR field in the West Texas Permean Basin where 002 is still 
being used successfully in recovery operations. In addition, Shell believes the role of 
pure Carbon Capture and Storage (CCS) will become increasingly important as 
countries develop regulations to meet C02 reduction. We therefore support the 
development of CCS technology and are at the forefront of efforts to create an 
enabling framework for its widespread commercial deployment. To this end, Shell is 
aggressively pursuing both EOR and pure carbon capture and sequestration (CCS) 
opportunities around the world. 

When EOR can be coupled with available man-made 002, it is a “win-win" situation 
that can reduce the net funding required to create CCS infrastructure. EOR plays and 
will continue to play a prominent role in bringing a significant percentage of future 
reserves to the market. The existing regulatory and market mechanisms governing 
EOR are adequate and uniformly accepted by industry. This EOR experience and 
technology must be leveraged and applied to pure CCS development in order to make 
commercial scale deployment of CCS a reality. 

Shell is pursuing stand-alone carbon capture and sequestration (CCS) projects and 
strongly believes that such projects will play a critical role in reducing C02 emissions 
in an emerging carbon constrained world. A few examples of CCS projects that are 
currently being evaluated and some of their characteristics are listed below: 

• Barendrecht in The Netherlands: Pernis Refinery producing apprx 1 mil 
tones of C02 per annum. 

• CO 2 Management: 

• Summer: up to 380,000 ton C02 to greenhouses 

• 1 50.000 ton C02 to industry (e.g. carbonated drinks) 

• Planned 

• Storage 400.000 ton C02 per annum in Barendrecht gasfields 

• ZeroGen: lOGCC (Advanced Coal Gasification) Plant in Australia: 

■ Project Characteristics: 

• Costs 

• Sharing of Cost by Both Public and Private Stakeholders 

• Creative Cost Reduction Techniques by Industry 

All elements of CCS technology — C02 capture from anthropogenic sources, C02 
transportation, C02 storage and C02 monitoring — exist today. All elements have 
been commercially deployed in various industries, specifically oil and gas production. 
In order to advance CCS, these technology elements must be integrated into large- 
scale CCS projects. 
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The primary barrier to large-scale integrated CCS projects is cost. It is our thinking 
that as a significant number of projects (recent lEA report states around 200 million 
tons stored) are put into operation, the costs begin to come down. Other broad 
barriers include the current weak carbon price signal; the lack of a clear regulatory 
regime; and public education and acceptance. 

Specific recommendations for policymakers to consider adopting include: 

• Incentives . Incentives should be provided to all types of CCS projects, and not 
restricted to CCS projects associated with capture from power plants. This 
approach recognizes that some high C02 facilities have easily captured C02 
streams and therefore, might be the early movers. Incentives that are open to 
all allow for the greatest number of potential CCS projects to be built, increases 
the potential for technology breakthroughs, and potentially reduces the cost of 
projects on a faster timeline. 

• Infrastructure for CCS pipelines. The existing regulatory regimes covering C02 
pipelines is largely workable. The challenge will be to ensure that the 
necessary scale of the new infrastructure needed is permitted and built. 
Governments can play a key role in this process. 

• Permitting Requirements ; EPA is developing regulations for permitting CCS 
projects under the Safe Drinking Water Act. There are other permitting issues 
that need resolution, such as the interface with other statutory requirements. 

• Responsibility Issues: Project developers need clarity about operational 
responsibility issues, particularly as they relate to site closure, in order to 
properly assess critical aspects of CCS project designs. 

• Education: The level of knowledge pertaining to the technical aspects and 
benefits of CCS is extremely low among most members of the general public. 
Governments can play an important role in building this knowledge and 
acceptance. 

16) What is a ballpark figure of how much your company pays in taxes each year? 

The following information is from “Delivery and Growth”, RDS pic Financial and 
Operational Information 2003-2007, page 18.] 

RDS taxes shown in the consolidated statements (IFRS) for the years 2005-2007; 

SMM 

2005 $17,999 

2006 $18,317 

2007 $18,650 

1 7) A couple of you mentioned the National Petroleum Council repot “Facing the Hard 
Truths about Energy” do any of you disagree with the findings of that report? 

We support the findings of the NPC report. 
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18) Several of you mentioned the increasing cost of materials, difficulty in finding labor and 
specifically difficulty in finding engineers and scientists in oil and gas development. 

What policies do you think \Arould help get the materials and people that you need? 

Clearly our industry relies heavily on a sustained supply of technical talent. This is true 
not just at the professional level but also in respect of the operators and crafts at 
refineries/chemical plants and in our offshore operations. With that in mind policies 
that support and advance maths and sciences education through the primary and 
secondary school and, subsequently at the college and university level rwili clearly 
help. This could be in the form of an increased focus on training of school teachers in 
these areas, continued support through the National Science Foundation for the rwork 
of the Center for the Advancement of Process Technology and the provision of 
additional scholarships for technical disciplines at the college level. 


1 9) Is there something in the manufacturing sector that we need to do to help insure that you 
get the supplies that you need? 

Shell is committed to providing affordable, reliable energy to consumers; protecting 
the environment; creating jobs; and providing a strong return to our investors, which 
includes millions of Americans. The most pressing issue for our reinvestment in 
capital and thus in part in manufactured goods is that some of the tax increases 
proposed in the House and Senate will hinder these efforts. Many of the proposals 
currently being considered will leave the industry with less capital to make the 
investments necessary to meet America's growing energy needs. 

These proposals would also damage Shell's ability to compete internationally with 
foreign government-owned oil companies. It is vital to America's energy security that 
we remain competitive in a world where 90 percent of the proven oil reserves are in 
the hands of oil companies controlled by foreign governments. These tax proposals 
will also impact our development of renewable energies— investments in production 
and goods and services in the wind, solar, hydrogen and biofuels manufacturing 
sectors. At Shell, profits from our fossil fuel businesses fund our renewable energy 
endeavors. 

We are particularly concerned about the resurgence of a failed windfall profits tax 
policy intended to punish the oil and gas industry for its strong revenues. Our profits 
are re-invested in these new energy projects that will produce tomorrow's energy 
supply. We saw what such a tax did in the 1970s to discourage the development of 
new energy projects in the United States. It would not be wise to reinstitute a windfall 
profits tax, which history has proven discourages the development of new energy 
projects. Such new energy projects are needed to increase supply and help stabilize 
price in light of increased global demand and rising energy prices. 


20) The International Energy Agency estimates that $22 trillion - in new energy investments 

will be needed by 2030. Where would that money come from? 

Our understanding is that the lEA is basing this number on the amount of new 
infrastructure that will have to compensate for growing demand worldwide. 
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21 ) What would be required to get biofuels to a commercial scale that they could replace oil 
in the United States? 

We are seeing a step-change in the growth of demand for energy, particularly as 
emerging economies, such as China and India, enter into more energy-intensive 
phases in their economic development. It will be vital to become more efficient in how 
we use energy, how we develop oil and gas resources and how we expand the use of 
alternative sources of energy such as biofuels — we will need all of the energy we can 
get. Alternative and renewable energy sources will play a role and grow substantially. 
Energy efficiencies will improve as new technologies are developed and implemented. 
But leading experts forecast that oil and natural gas will continue to meet more than 
half of the world’s energy needs in 2030. 

The Energy Independence and Security Act of 2007 CAFE standards, new RFS and 
the other provisions will do a lot to move us towards diversifying and expanding our 
energy portfolio. Congress should continue to adopt policies that encourage 
conservation, and companies like ours must continue to think more creatively about 
products and services we can develop to help customers use less energy. Consumers 
must think more about our own energy footprints; when and how we drive, what we 
buy, how we work and the kind of world we want to create for coming generations. 
Government agencies must have the staff and the resources needed to do the 
environmental analyses and other scientific studies that must underpin energy 
projects of all kinds. And we need individuals skilled in math, science, technology and 
engineering to build the workforce of the future. School curricula should include more 
study of energy - where it comes from, how it is used and the impact of the energy 
choices we make. And these lessons should begin at an early age, to shape 
consumer behavior and encourage the next generation of energy engineers. 


22) In your testimony, several of you point to speculation as a contributing cause of high 
crude oil prices. I have introduced legislation, the Prevent Unfair Manipulation of Prices 
(PUMP) Act (HR 594), which would improve oversight of “dark markets’’ which are 
currently unregulated by the Commodity Futures Trading Commission. In our December 
2007 Oversight and Investigation Subcommittee hearing, we heard testimony that this 
could reduce the cost of oil by $30 a barrel. Do you believe that speculation in the 
market is driving up the price of oil? Would you support this legislation? 

Exchanges like the Intercontinental Exchange (ICE) provide the ability to trade both 
physical and financial products that are not traded elsewhere. For example, no other 
exchange provides liquid markets for forward sales of wholesale power. ICE provides 
another way of doing business in addition to direct bilateral sales and transaction 
arranged through brokers. There are differing views as to the influence, if any, that oil 
futures and options investments have on the price of crude oil. If Congress decides 
the commodity markets need more regulation than currently exists through market 
rules, guidelines and penalty systems as prescribed by the CFTC, then Shell will, as 
we do in all areas of our businesses, ensure that we comply with any and all 
regulations imposed. 
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23) What is the average number of barrels of oil your companies trade each day on 
NYMEX? On the InterContinental Exchange? 

Trading volumes fluctuate based on a variety of reasons including weather, 
geopolitical events, and supply and demand. In recent years, while the exchange 
volumes have increased significantly but Shell companies’ volumes remain a very 
small component in the market. This considerable market growth has actually 
increased the number of traders in the market and, thereby, has increased liquidity 
leading, we believe, to a greater level of transparency in the price discovery process. 

24) During the April 1 , 2008 hearing, you each spent most of your time complaining about 
taxes, specifically that the Renewable Energy and Energy Conservation Tax Act (H.R. 
5351 ) passed by the House would repeal $1 8 billion over ten years in subsidies to your 
companies. Several times during the hearing, you also said that your companies do not 
support mandates and subsidies for renewable fuels. Cver the next ten years, your 
companies are expected to make $14.6 trillion. H.R. 5351 would only account for 
approximately one tenth of one percent of your gross income! How can you insist on 
retaining these subsidies and tax breaks for your companies while opposing assistance 
for renewable energy? 

HR 5351 repeals the section 199 deductions for large integrated oil and gas 
companies, and negatively changes the determination of FCRI and FCGEI for foreign 
tax credit purposes, which could lead to double taxation of foreign profits. 

We do not believe that it is appropriate to tax selected oil companies for a number of 
reasons. Cil is a commodity, and the marketplace sets prices. Crude oil and natural 
gas prices fluctuate substantially and unpredictably. The industry must manage its 
business in the face of these severe price fluctuations. The business requires 
massive investment over long periods of time — even when prices are relatively low — 
to ensure that there will be energy supplies in the future. 

Many of the tax proposals currently being considered will leave the industry with less 
capital to make the investments necessary to meet America’s growing energy needs. 
These proposals would also damage Shell’s ability to compete internationally with 
foreign-government owned oil companies. It is vital to America’s energy security that 
we remain competitive in a world where 90 percent of the proven oil reserves are in 
the hands of oil companies controlled by foreign governments. Finally, these tax 
proposals could impact our development of renewable energies. Some members of 
Congress propose increasing taxes on the very oil and gas companies that produce 
the renewable energies the public wants more of. At Shell, profits from our fossil fuel 
business fund our renewable energy endeavors. 

At a time when we need energy companies to continue the record level of investment 
in developing our energy resources, it is unfortunate that some in Congress are 
pursuing tax policies that will discourage this needed investment. These policies 
include proposals such as the repeal of the domestic manufacturing deduction for 
select US oil and gas companies, which would reduce domestic oil and gas 
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production and negatively affect our nation’s energy security. Energy companies 
invest significant amounts in new technologies, new production, refining and product 
distribution infrastructure and environmental improvements, and make such 
expenditures considering long-term commitments. Continued and sustained capital 
expenditures are required each year to find and develop energy resources, despite 
the cyclical nature of the business and risks involved. Given the industry’s long-term 
capital allocation models in a global and free marketplace, it is important to have 
stable and consistent tax policy in order to meet all of the challenges ahead. 

25) At the American Society of Newspaper Editors Convention on April 14, 2005, the 
President said, “I will tell you, with $55 [a barrel] oil we don't need incentives to oil and 
gas companies to explore. There are plenty of incentives. What we need is to put a 
strategy in place that will help this country over time become less dependent. It's really 
important. It's an important part of our economic security, and it's an important part of 
our national security.” Today, crude oil prices are double the President’s example! Do 
you agree with President Bush that oil and gas companies do not need incentives to 
explore when oil is more than $55 a barrel? Do you agree with President Bush that we 
should instead be investing in renewable energy that will help this country become less 
dependent on oil? 

Shell believes that the free market system will provide the necessary impetus for its 
businesses, without recourse to government support. Shell also supports reasonable 
incentives in cases where there are new markets/new technologies; where incentives 
support societal goals; or where incentives are given to enhance competitiveness or 
attract investment. 

From time to time the Congress has passed a number of federal tax incentives to 
encourage domestic production of energy. A good example of this is HR 6, the 
Energy Policy Act of 2005 (PL 109-58). Among other things, PL 109-58 contains 
various incentives designed to encourage domestic production of oil and gas and 
renewable fuels, and to increase domestic refining capacity. In many cases, 
significant capital investment is required for energy projects with no return for many 
years. For example, in the OCS, it could take 1 0 years from the time a property is 
leased to initial production. Significant additional time is needed to recoup the capital 
invested. And such a facility could cost over $1 billion. Consequently, Shell supports 
and relies upon stable regulatory and fiscal policies that enable companies to develop 
energy projects and secure energy supplies. Furthermore, Shell supports reasonable 
incentives Congress deems in the national interest to encourage domestic production. 
In this regard, Shell supported PL 109-58, overwhelmingly approved by the Congress, 
which contains incentives for fossil and renewable fuels. Such incentives can help 
augment US security and promote emerging technologies. 


26) I have attached internal memos from Chevron, Texaco, and Mobil. The Chevron memo 
quotes a “senior energy analyst at the recent API convention,” stating “if the US 
petroleum industry doesn't reduce its refining capacity it will never see any substantial 
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increase" in profits. The Texaco memo complains that “supply significantly exceeds 
demand" leading to “very poor refinery margins and very poor refinery financial results.” 
The Mobil memo advocates keeping a smaller refiner, Powerine, from reopening, stating 
that a “full court press is warranted in this case.” From 1995 to 2002, more than 30 
refineries have been closed in the United States. Have any of your companies applied 
for permits to build new refineries? If yes, how long did it take to obtain the necessary 
permits? In July 2007, gas prices increased 30 cents overnight in Escanaba, Michigan. 
There were no supply disruptions or other major events that would influence the price 
this significantly. Is there any logical explanation why prices would increase 30 cents in 
that short of time? On May 23, 2007, the U.S. House of Representatives passed H.R. 
1252, the Federal Energy Price Gouging Prevention Act by an ovenwhelming vote of 284 
to 141. Please explain why this legislation is not needed, given the significant price 
increases consumers continue to face. 

Shell does not condone price gouging and we encourage dealers and jobbers to price 
responsibly, and virtually all have done just that. Shell and our operators strive to be 
competitive and have a history of being sensitive to price changes, especially when 
caused by significant disruptive events. The referenced legislation, on the other hand, 
would not benefit consumers but instead lead to an exacerbation of supply needs for 
the effected areas. The bill subjects honest, good faith product sellers and distributors 
to criminal and onerous civil liability under vague standards for market actions or 
events occurring anywhere in the world. Rather than accomplish its avowed purpose, 
the bill would harm consumers by skewing normal market forces artificially, resulting in 
more severe and extended shortages of products, and ultimately higher prices. This 
conclusion arises from the fundamental premise that gasoline prices are set by the 
marketplace according to the economics of supply and demand. Numerous 
investigations of the industry over the past thirty years have found that no 
anticompetitive manipulation has occurred and that market participants are 
consistently found to have reacted to market conditions, as one would expect firms to 
behave ih a competitive market. 

Regarding refinery expansions, Shell has invested over the years to increase our 
refining capacity. We also recently announced that our joint venture, Motiva, is 
spending around $7 billion to double the capacity of its refinery in Port Arthur, Texas. 
This project, when finished in 2010, will be one of the largest refineries in the United 
States and in the world. By adding 325,000 barrels-per-day capacity, the expansion is 
equivalent to building a new refinery. 


27) In May 2004, the U.S. General Accounting Office released its report, “Effects of Mergers 
and Market Concentration in the U.S. Petroleum Industry,” In this report, GAO found 
that over 2,600 mergers have occurred in the U.S. petroleum industry since 1990. The 
GAO also pointed to economic literature that suggests that firms sometimes merged to 
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enhance their ability to control prices. Each of your companies today is the result of 
significant mergers in the industry. Do you see any more mergers taking place? 

The Federal Trade Commission (FTC) has been quite rigorous in its review of industry 
mergers. In Shell’s case, the FTC has required a number of divestitures that were 
designed to prevent declines in the numbers of competitors or increases in 
concentration. According to a 2006 FTC investigation, no U.S. refiner holds a 
substantial capacity share either nationally or regionally. Likewise, a 2004 FTC study 
found that, "[d]espite increases in concentration at some production levels over [the 
last two decades], particularly since the mid-1990s, most sectors of the petroleum 
industry at the national, regional, or state level generally remain unconcentrated or 
moderately concentrated". Shell does not comment publicly regarding future 
transactions. 


28) In your testimony, almost all of you mention “more domestic drilling” as your top solution 
to high-energy prices. What assurance can you provide that oil and gas from the Arctic 
National Wildlife Refuge (ANWR), the Outer Continental Shelf (OCS), or other domestic 
sources would stay in the United States? What is your response to economists that tell 
us that the oil and gas will likely go to higher priced markets in Japan and elsewhere? 

Currently, 100 percent of oil produced in Alaska goes to domestic refineries and 
100 percent of COM production goes to US refineries. Historically some North Slope 
oil has been shipped to Asian markets but it has been a rare occurrence The US is 
the largest market for crude oil and production from sources close to market are better 
positioned to service those markets. 


29) In May 2006, the Energy and Commerce Committee held a hearing on gas prices, and 
we discussed the crack spread, or the difference between a barrel of crude oil and the 
refined product. At this hearing, the average crack spread for a refinery in 2006 was 
estimated to be about $20 to $30 a barrel by Howard Gruenspect, the Deputy 
Administrator at the Energy Information Administration. Mr. Gruenspect testified that a 
crack spread of $8 or $9 is sufficient to cover refining expenses and provide a 
reasonable profit to the facility. What is your current crack spread at the refineries your 
companies operate? Why have your companies scaled back their refinery expansion 
plans to keep crack spreads high? 

Shell has invested over the years to increase our refining capacity. We recently 
announced that our joint venture, Motiva, is spending around $7 billion to double the 
capacity of its refinery in Port Arthur, Texas. This project, when finished in 2010, will 
be one of the largest refineries in the United States and in the world. By adding 
325,000 barrels-per-day capacity, the expansion is equivalent to building a new 
refinery. 
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30) Please provide a list of oil and gas leases currently in the possession of your company 
and its subsidiaries, and give a status report as to the state of the production of each of 
these leases. 

Attached is a spreadsheet that lists our current federal leases both onshore and 
offshore and reflecting the location and status of these leases. The net acres column 
represents Shell's equity interest in the leases. State codes are self explanatory 
except FG= Federal Gulf and FA= Federal Alaska. The first tab includes all the data, 
and there are subsequent tabs with the data broken out by Alaska, Gulf of Mexico, 
and Onshore, 

Shell has acquired a large number of OCS leases in recent lease sales and many of 
these leases are in very early stages of evaluation. Many leases that are labeled as 
"non-producing" are leases that are new and are yet to be explored or drilled or are 
near an area that is currently being explored or developed. Until a lease is explored by 
drilling, there is no way of knowing whether there are any accumulations of 
hydrocarbons located on a lease. Since it takes many years to explore, develop and 
place leases on production and since production does not begin all at once on any 
area of leased acreage (it occurs in phases), there will naturally be non-producing 
blocks for a significant period of time. Other leases that are "non-producing" have 
legal or regulatory actions underway that are preventing their exploration and 
development. For instance, one of the obstacles preventing exploration of certain 
Alaska leases is litigation in which the MMS' approval of Shell's "Beaufort Sea Outer 
Continental Shelf Lease Exploration Plan 2007- 2009" is being challenged. 

After an exploratory well is drilled and testing is conducted (which usually requires 
additional appraisal wells) to determine the extent of the discovery, a company will 
need to decide if further development is economically feasible. When a company fails 
to find commercially economic accumulations, the company will either relinquish the 
lease(s), allow the lease(s) to expire, or seek knew technologies that allow the 
reserves to be developed economically. 

Failure to conduct operations on a lease within its primary term will result in the 
termination of the lease and loss of all capital invested in that lease. These expired 
leases are made available again for future lease sales. 


31) As fuel prices rose over the past 6 years, has American demand decreased? Why or 
why not has this occurred? If gas taxes were increased, do you think demand would 
decrease? 

Did this happen in European countries when then imposed large gas taxes? 

According to the BP Statistical Review of World energy, US oil demand has increased 
by an average of 0.9% per year between 2002 and 2007. This is somewhat slower 
than growth in the previous five years of 1 .2% per year, on average. Over the same 
period, from 2002 to 2007, oil demand in Europe rose by 0.1% per year, on average. 
However, changes in the overall level of oil demand depend on many other factors 
apart from price or taxation levels, including income growth, the availability and 
affordability of alternative fuels, the composition of the vehicle fleet, home heating 
boiler installations and industrial equipment, such that demand does not adjust only to 
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price levels or price changes. Oil product taxation policies have been in place in 
Europe for many years, operating in a variety of market conditions and economic 
environments, such that, again, we cannot draw a direct relationship between taxation 
levels and demand trends. 


32) At current projections, when will your current reserves be depleted? 

We are not in a static situation. We are continuously producing new fields and are 
assessing new prospects in North America and around the world. We fully expect to 
continue producing oil and gas for many years into the future. 

33) When do you expect underdeveloped countries will reach a level to where they will 
begin to significantly buy oil for use? How will this affect supply and fuel prices? 

Already we are seeing material volumes of oil consumed by developing countries, with 
the lion's share of oil demand growth coming from China, India and the Middle East. 
But this is only the start. Today, total non-OECD demand is around 75 percent of 
OECD demand for oil, and it could match OECD demand by around 2013, growing to 
approximately one-and-a-half times OECD demand by the mid 2020s. We expect 
non-OECD demand to continue growing and OECD countries to look to curtail growth 
in oil and go for efficiency and alternatives, as well as embracing clean coal 
technology. China, where domestic production is in decline, could be importing 
roughly three-quarters of its oil needs by 2030. While natural gas use is still in its 
infancy in both China and India, both countries have now firmly entered the market for 
Liquefied Natural Gas, with China concluding several long-term supply contracts in 
2007. 

The impact of this rising demand for oil and natural gas on the world's ability to 
increase hydrocarbon supplies is likely to remain limited, because political limitations 
on access and cost inflation currently determine the industry's ability to invest in new 
projects. For example, here in North America, potentially large hydrocarbon resources 
remain off-limits to the industry. 

34) if all conventional, alternative, and unconventional sources of oil in the U.S. were to be 
developed, how long would the supply last based on current estimates of increased 
usage? 

Looking at crude oil alone, it is estimated that world conventional oil resources are 
about 1 trillion barrels of oil equivalent. Of which the US market holds 50 billion 
barrels. Adding in US unconventional crude alone takes the US number to 1 trillion. 
This is the equivalent of the world resources available today. This doesn't account for 
the natural gas market or alternative sources that are not yet commercial. If this is 
added, the number increases even more. 

35) Please describe to this committee your short, middle, and long-term plans for oil and 
renewable energy development. 

Shell wants to help provide abundant, affordable energy as far into the future as we 
can imagine. We consider abundant, affordable energy a cornerstone of America’s 
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energy security. But we recognize that achieving this goal will require aggressive 
short-term, medium-term and long-term plans. 

Short term: 

First, Shell would like to outline the short-term U.S. energy needs and the steps Shell 
recommends for the next decade. In the short term, the United States will remain a 
fossil-fuel-based economy because, very simply, we cannot attain the commercial 
scale and infrastructure needed to meet energy needs through alternative energies. 
We won’t have the pipeline system to pump ethanol. We won’t have the transmission 
lines to bring hundreds of gigawatts of wind from remote windy plains and mountains 
to cities. That kind of scale and infrastructure won't be available for decades to come. 
Largely for this reason, the International Energy Agency estimates that under a 
“business-as-usual” scenario, alternative energy will account for only 8 percent of U.S. 
energy use in five years. 

In the short term then, we need more oil and gas now to meet growing demand. We 
can meet that demand in two primary ways. First, we can responsibly develop the 
more than 100 billion barrels of technically recoverable oil and gas in this country that 
are currently off limits to development due to federal policy. Unless we intend to 
increase our reliance on foreign oil, we must have increased access to America's own 
energy resources both onshore and on the Outer Continental Shelf. Shell is 
committed to developing any resources in an environmentally sound and responsible 
manner. 

Second, we can increase the supply of natural gas to our country by using liquefied 
natural gas technology that allows us to store and ship gas safely in a liquid state. As 
a nation, we must put aside our resistance to building the infrastructure necessary to 
receive LNG, especially on the East and West Coasts. 

In addition to these two important avenues, we must continue researching 
environmentally sensitive and commercially feasible ways of developing 
unconventional oil and gas resources, including the trillion barrels of oil that remain 
trapped in shale in Colorado, Wyoming and Utah. 

Medium term: 

Shell anticipates that in the medium term - between the next 1 0 to 25 years - oil and 
gas will remain the primary energy sources, but biofuels and wind will play greater 
roles in meeting energy demands. 

Shell is one of the world's largest distributors of biofuels and one of the first 
companies to invest in second-generation biofuels that use cellulosic materials that do 
not compete with food crops. 

However, we are very concerned about the provisions of the Energy Independence 
and Security Act of 2007 that mandate a more than five-fold increase in the amount of 
alternative fuels, such as ethanol, from 7.5 billion gallons a year in 2012 to 36 billion 
gallons a year in 2022 to the nation’s energy supply. 

Wind offers another solution to carbon dioxide emission challenges and to increasing 
our energy diversity. In this country, Shell WindEnergy now has interest in or operates 
eight wind farms in six states. Wind technology, however, is often limited by lack of 
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transmission systems to move the wind energy from remote hills and potential 
offshore wind farms to connect with the electric grid. We need sound federal and state 
policies that support new transmission systems to enable this technology to be 
adopted more widely. 

Also during the medium term, Shell believes that our nation must move to clean coal 
technology - using our most abundant natural resource to generate electricity in a 
way that allows us to manage carbon dioxide emissions. However, the introduction of 
this technology is hampered by the need for large, upfront capita! investments. Public 
policy is needed to create the enablers to stimulate the production of clean coal 
technology and associated carbon capture and storage. 

Long term; 

Over the long term, spanning 25 years and beyond, Shell anticipates that the U.S. 
economy will continue to depend on oil and gas with an ever-growing contribution 
from alternative fuels. We will see a strong growth of the clean fuels mentioned in the 
medium term, but we will, in the long term, see more alternative fuels that are in their 
infancy now become commercially viable components of the overall energy mix. 
Hydrogen is an example. 

Hydrogen is the world’s most plentiful element and is part of the Shell portfolio of 
future low-carbon fuels. As a fuel, hydrogen offers the potential to substantially reduce 
emissions, reduce our reliance on fossil fuels and increase America’s energy security. 
There are obstacles to be overcome, but we think hydrogen could become a 
commercially viable transport fuel in the coming years. Shell is developing hydrogen 
supply chains, which, in the longer term, may rely increasingly on renewable sources 
of energy. We partner with car manufacturers and local and national governments to 
coordinate the construction of hydrogen fueling stations in areas where fuel cell 
vehicles are being introduced. In the United States, those include the Los Angeles 
and New York City metro areas. Since 2004, Shell has operated an integrated 
gasoline/hydrogen station in Washington, D.C., not far from Capitol Hill. Last year, we 
opened a hydrogen station in White Plains, New York, and plan to open our 
first hydrogen station in Los Angeles this spring. It will probably take a couple of 
decades to make hydrogen a commercially available option. However, for our 
grandchildren’s children, it may become the standard fuel of choice. 

Clearly, Shell believes that alternative energies will play an increasing role in the 
energy mix. We are planning for it. We invest a significant portion of our profits into 
developing energy technologies. We believe our commitment to technology and 
innovation distinguishes us from many of our competitors. 

But we must approach our energy challenges realistically. Because of the extensive 
lead-time and financial commitment required to bring new technologies to market, 
fossil fuels will remain at the core of global economies for the foreseeable future. 

Shell does not see that as an “either-ot” proposition. It is a “both-and” proposition. The 
balance between conventionals and alternatives will be established by what is 
possible in the future. We will need all of these energy sources, and others, to fuel the 
world. 
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As a nation, we face tough choices to balance our energy needs, our economic well- 
being, our quality of life and our respect for the environment. At Shell, we are firmly 
committed to bringing energy security to America. 

36) On Page 4 of your testimony, you use the term “resource nationalism." Is the United 
States alone in this new position toward oil and gas exploration? Do we actually have 
policies in place that help develop our US resources? 

The US has abundant supplies that are not available for development, because 
government policies place them off limits. The result — domestic production of oil and 
gas production has fallen steadily for the last 35 years. In fact, oil production in this 
country peaked in the 1970s. In 2006, the U.S. imported 3.7 billion barrels of oil to 
meet domestic demand, which is more than seven times the amount imported in 
1970. The United States is the only country in the world that restricts the use of its 
own energy resources while transferring trillions of dollars of wealth to other countries 
in order to import energy." 


37) Shell is heavily involved in gasification and gas-to-liquids fuel. What do you think the 

most promising technologies are in this area? 

Gasification and gas-to-liquids (GTL) are complementary technologies (the GTL 
process includes a gasification stage whereby natural gas is processed into what is 
called syngas— an ultra-clean tar-free synthesis gas). Regarding coal gasification, 
this is one of the cleariest methods for harnessing coal's energy potential. We 
developed our proprietary technology in 1972 with a small pilot plant in Amsterdam. 

Today, a growing number of countries use Shell's technology to operate commercially 
viable coal gasification plants. Shell's leading-edge coal gasification technology 
provides extensive benefits to its users, including lower life cycle costs and a lower 
impact on the environment than competing technologies. Our technology could also 
be used in the conversion of coal to liquids, which would provide a valuable source of 
transport fuels. CTL studies, however, are in their very early stages. 

GTL technology converts natural gas into a range of high-quality products that are 
normally derived from crude oil, such as transport fuels, naphtha and base oils for 
lubricants. GTL fuel is a cost-effective alternative fuel that can diversify energy 
feedstock sources, reduce local emissions and encourage sustainable mobility. In 
1973 we developed a proprietary GTL process called Shell Middle Distillate Synthesis. 

We have developed unparalleled operating and marketing experience in GTL through 
the world's first commercial low temperature GTL plant in Malaysia, which started-up 
in 1993. Today, Shell is leveraging this technology and experience to support the 
development of the world-scale Pearl GTL project in Qatar. 


38) How does your experience pursuing Liquefied Natural Gas (LNG) in the United States 
compare to the experience of pursing such projects in the other countries where you 
have projects under construction? 
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Development of LNG regasificalion terminals that would provide US energy 
consumers the ability to access new, much needed supplies of natural gas from 
around the world and diversify our nation’s energy mix, is extraordinarily more difficult 
and time consuming than what Shell has experienced elsewhere in the world. As an 
example, Shell and TransCanada Pipeline Company are jointly developing a new 
regas terminal named "Broadwater Energy" to be located near the middle of Long 
island Sound, 9 miles offshore from New York and 1 1 miles offshore from Connecticut 
that would serve the natural gas starved New York metropolitan regional market. This 
region pays the highest energy prices in the country and has enormous challenges 
meeting clean air requirements due to its continued use of older, dirtier pulverized 
coal and fuel oil power generation and desperately needs plentiful, affordable new 
supplies of natural gas. Yet, in the time that it has taken the Broadwater project to 
undertake the preliminary development and regulatory review process, Shell has 
developed, built, and placed into service three new regas terminals in other parts of 
the world. This is even in light of newly enacted legislation that was designed to 
streamline the regulatory review process to approve the siting, construction, and 
operation of these much needed LNG terminals. The protracted, contentious process 
of building new energy infrastructure in the US is resulting not only in undue delays in 
developing LNG terminals, but more importantly, drives up the cost of new facilities 
and delays the delivery of this much needed natural gas to US consumers resulting in 
needlessly increasing the cost of energy for the US. 

39) On Page 7 of your testimony, you note that in 2005, you estimated that the average cost 
for a deepwater oil rig rental was approximately $200,000 a day - and in 2007 the 
average daily costs for a deepwater exploration well was $759,000. It sounds to me like 
you aren’t necessarily comparing apples to apples. Could you clarify those numbers for 
me? 

The two columns below show the average cost for exploration wells and development 
wells from 2002 through 2007. The numbers are based on cost data from the Dodson 
database, the largest cross business database for wells drilled in the Gulf of Mexico. 
These numbers are a more simplistic indicator of the increase in exploration and 
development costs. 

Exploration Wells: 

2002: $390M/d 
2003: $407M/d 
2004: $409M/d 
2005: $451 M/d 
2006: $720M/d 
2007: $759M/d 

Development Wells: 

2002: $301 M/d 
2003: $328M/d 
2004: $515M/d 
2005: $428M/d 
2006: $693M/d 
2007; $729M/d 
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Overall, based on the above industry data, the GOM Deepwater well cost on average 
has gone up about 70% over the last 3 years. 


40) As for the projects where Shell is pursuing wind energy, what has been your experience 
with consistency of available power generation? 

Wind energy is fundamentally an intermittent source of power. Shell is looking at 
different ways of making the power source more consistent by experimenting with 
pump-hydropower or compressed air storage, but those technologies would not offset 
base load power at this time. 

41) Is the demand for petrochemical products also on the rise? And is that contributing to 
the rising cost of gasoline? 

Petrochemical feedstocks account for approximately 2.5% of US refinery yields, so 
they have only a small impact on the availability of refined products such as gasoline. 
Although global demand for petrochemicals is expected to increase in line with world 
economic growth, demand and capacity increases are primarily in the Middle East and 
Asia Pacific regions rather than the US. As a result, changing demand for 
petrochemical feedstocks is only a small factor affecting the availability of gasoline in 
the US. 

42) You specifically mention the potential for oil shale development in the western United 
States. What do you think would need to happen to make projects a reality in Colorado, 
Wyoming and Utah? 

Shell needs timely publication of final regulations in order to provide a reliable 
framework for making future commercialization decisions. Federal oil shale 
regulations are needed many years in advance of a move towards a commercial 
decision. We need time to finalize project design, get all necessary permits, construct 
the project, operate it to see how it performs, analyze the results, submit an economic 
and environmental analysis to BLM, and undertake reclamation. We certainly need 
commercial leases sometime in the middle part next decade but need BLM to finalize 
oil shale regulations many years in advance of actual preference right lease issuance. 
In other words, we must understand the rules of the road in some fashion in order to 
consider our research efforts further. To illustrate the point, imagine a pharmaceutical 
company deciding whether to spend huge amounts of research and development 
dollars for a new cancer cure when the company knows in advance that there is no 
method by which the drug can be taken to market. The pharmaceutical company 
would obviously not make the investment, and so it is with oil shale development. 

We are trying to climb a technology hill that no one has ever been able to climb 
before. The Congress has now made that climb more difficult by putting a regulatory 
blindfold on us. If regulations are not issued soon, we may never be able to reach the 
top of this steep technology hill. 


43) On Page 9 of your testimony you note that government agencies must have the “staff 
and resources needed to do the environmental analysis and other scientific studies that 
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must underpin energy projects of all kinds.” Do you mean just the federal government or 
state governments as well? Where do you suggest the best federal staffing investments 
would be? 

With respect to Federal leases both onshore and offshore, we believe that it is 
imperative that the Congress provide adequate funding and staffing to the Department 
of Interior's Bureau of Land Management, Minerals Management Service and Fish 
and Wildlife Service. Additionally, the National Marine Fisheries Service in the 
Department of Commerce and the Environmental Protection Agency have vital 
responsibilities for energy development. The Federal Government receives and has 
received billions of dollars in bonus bids and royalties from the leasing of federal 
lands. We believe that it is imperative that the government fund these agencies 
properly so that appropriate environmental and marine mammal and wildlife studies 
can be carried out. In order to promote scientific research and environmental studies, 
we recommend that Congress provide additional funding to the Mineral Management 
Service Environmental Studies Program. Additionally, Shell is strongly supportive of 
initiatives that allow companies to provide funding to third parties, chosen by the 
government, that can perform needed environmental analysis and studies when 
staffing and funding challenges prevent federal agencies from performing these 
functions in a timely manners. 
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1) How much did your company invest in renewable energy technologies by year and 
by project over the last 10 years? 

Answer : As we have testified, globally Chevron has spent more than $2 billion since 
2002 on a broad range of renewables and eustomer energy efficiency projects. Between 
2007 and 2009, we have announced plans to spend an additional $2.5 billion on 
renewable technologies and customer energy effieiency solutions. The detailed breakout 
of these expenditures is proprietary business information, which we need to keep 
confidential for competitive reasons. 

Since 2000, Chevron Energy Solutions (CES), a unit of Chevron Corporation, has 
developed more than 800 projects involving customer energy efficiency or renewable 
power for the country's education, government and business customers. 

2) How much does your company plan on investing in renewable energy technologies 
by year in coming years? 

Answer : Between 2007 and 2009, we have announced plans to spend an additional $2.5 
billion on renewable technologies and energy efficiency solutions. The detailed breakout 
of these expenditures is proprietary business information, which we need to keep 
confidential for competitive reasons. 

3) Based on the fundamentals of supply and demand, what does your company 
estimate the price of oil should be were it not for speculation, and other factors? 

Mr. Simon from ExxonMobil testified that their analysis of fnndamental supply and 
demand suggests a price of oil in the $50-55 range, and prices above that figure are 
due to speculation, weakening dollar and geopolitical stability. Do you agree or 
disagree with that analysis? 

Answer : We believe it is unlikely that speculative financial trading has a significant 
effect on crude prices over the long term. Many factors influence the price of oil, 
including supply and demand, perceptions of market trends, geopolitical instability, 
commodity investments, and the devaluation of the dollar. However, speculation can be a 
factor in any commodity market, including oil. Over the long term we don't see 
speculators dominating the market - it is too large. We don’t have the ability to quantify 
the impact of various individual factors that influence the price of crude oil. 

4) What percentage of the current price of oil is a result of speculation? 

Answer : We believe it is unlikely that speculative financial trading has a significant 
effect on crude prices over the long term. Many factors influence the price of oil, 
including supply and demand, perceptions of market trends, geopolitical instability, 
commodity investments, and the devaluation of the dollar. However, speculation can be 
a factor in any commodity market, including oil. Over the long term we don't see 
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speculators dominating the market - it is too large. We don’t have the ability to quantify 
the impact of various individual factors that influence the price of crude oil. 

5) How much did your company invest last year in emerging energy technologies in 
North America and what types of technologies would that include? 

Answer : As we have testified, globally Chevron has spent more than $2 billion since 
2002 on a broad range of renewables and energy efficiency. North America accounts for 
about one half of our global spending. Between 2007 and 2009, we have armounced plans 
to spend an additional $2.5 billion on renewable technologies and energy efficiency 
solutions. The regional totals and more detailed breakout of these expenditures is 
proprietary business information, which we need to keep confidential for competitive 
reasons. (See Attachment 1: “Chevron Biofuels Research Collaborations" ) 

Since 2000, Chevron Energy Solutions (CES), a unit of Chevron Corporation, has 
developed more than 800 projects involving energy efficiency or renewable power for the 
country's education, government and business customers. 

6) In 2030, what percentage of global energy demand will be met by fossil fuels? 

Answer : EIA’s 2007 projection (Reference Case) estimates around 85% of global energy 
demand will be met by oil, gas and coal. The National Petroleum Council (NPC) Report 
evaluated various sources and developed a range of 83-87%. 

(Source: httD://www.npchardtruthsreDort.org/> 

7) Do you think that it is important as an energy security issue, to use more of the U.S. 
reserves of oil and natural gas? What are the best policies to assure our energy 
independence? 

Answer : U.S. energy policy needs to acknowledge the interdependence of global energy 
markets, and, that our country is a major energy producer and has the ability to shape our 
own destiny. 

We must continue to bring traditional energy supplies to market, and invest in the critical 
energy infrastructure this nation needs, even as we are developing alternatives sources of 
energy. To meet rising world demand, we need all the energy we can develop in every 
potential form. Diversity of supply is a sign of strength rather than vulnerability. 
Therefore, we need to improve access to U.S. supplies, promote energy efficiency, secure 
diversification of U.S. energy supplies and suppliers, rationalize the gasoline supply to 
make it more efficient, and streamline permitting for major energy facilities. 

The NPC study sets forth five core strategies to assist markets in meeting the energy 
challenges to 2030 and beyond. The United States must: 
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1 . Moderate the growing demand for energy by increasing efficiency of 
transportation, residential, commercial and industrial uses. 

2. Expand and diversify production from clean coal, nuclear, biomass, other 
renewables, and unconventional oil and natural gas; moderate the decline of 
conventional oil and natural gas production; and increase access for development 
of new resources. 

3. Integrate energy policy into trade, economic, environmental, security and foreign 
policies; strengthen global energy trade and investment; and broaden dialogue 
with both producing and consuming nations to improve global energy security. 

4. Enhance science and engineering capabilities and create long-term opportunities 
for research and development in all phases of the energy supply and demand 
system. 

5. Develop the legal framework to enable carbon capture and sequestration (CCS). 

In addition, as policymakers consider options to reduce CO 2 emissions, provide 
an effective global framework for carbon management, including establishment of 
a transparent, predictable, economy-wide cost for CO 2 emissions. 

8) What percentage of your stock is own by pension plans and retirement accounts? 

Answer : Chevron does not have a precise answer to this question - it is not data we track 
since many shareholders, including the majority of pension plans, hold their shares 
through third party investment advisers and custodian banks. In these cases the 
shareholder's identity is not known through our shareholder records, While we believe 
the percentage is significant, the best validation for this is a recent study published on the 
topic for the industry at large. Shapiro and Pham estimate that 27% of oil and gas 
industry shares are held in private and public pension funds, and that another 14% are 
held in IRA accounts. (Source: Robert J. Shapiro and Nam D. Pham, 2007, The 
Distribution of Ownership of U.S. Oil and Natural Gas Companies, 
httD://www..sonecon.com/docs/studies/0907 WhoOwnsOilComnanies.pdf ) 

9) Do you support the use of coal-to-liquids as an alternative to traditional petroleum? 
If not, why not? As a follow up, wouldn’t the use of coal-to-liquids significantly 
increase our domestic supply of fuel? 

Answer : As noted earlier, we believe all forms of energy will be needed to meet the 
world’s future demand for energy. Chevron is evaluating coal-to-liquids technology 
through our Sasol Chevron Joint Venture, using an indirect process that first gasifies the 
coal, then makes liquids from the gas. This process should result in lower capital costs for 
facilities, higher energy yields and lower carbon dioxide emissions from the 
manufacturing process. 

In addition. Chevron Energy Technology Company, a Chevron Corporation subsidiary, 
has formed a research alliance with the Penn State Institute of Energy and the Institute of 
Environment to research coal conversion technologies. The joint research initiative will 
focus on technical innovations of clean coal and coal-to-liquid technology. 
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An integrated national energy strategy must be developed which addresses our need to 
expand and diversify production from clean coal, nuclear, hiomass, other renewables, and 
unconventional oil and natural gas; moderate the decline of conventional oil and natural 
gas production; and increase access for development of new resources. 

10) How much bio-fuel and ethanol do you think realistically can be substituted for 
traditional petroleum? 

Answer : We believe that the blending of ethanol up to the legal limit of 10% of the 
gasoline pool by volume (E-10) is achievable given current technology and infrastructure. 

Achieving blending levels outlined in the Energy Security and Independence Act of 2007 
requires increased research and development into advanced biofuels that are not 
developed from food-related feedstock. The required volumes rise to 15.2 billion gallons 
in 2012 and up to 36 billion gallons by 2022. Advanced biofuels (such as cellulosic 
hiofuel, biomass-based diesel) must be used, along with conventional com ethanol, to 
meet annual volume requirements starting in 2009. The annual amount of com ethanol 
that can be used to satisfy the requirements is capped at 15 billion gallons beginning in 
2015 and advanced biofuels are required to meet remaining volumes through 2022. 

It is important to note that, as a practical matter, the technology needed to deliver 
advanced biofuels at scale doesn’t yet exist and is a major challenge. In addition to 
technology, we need to assess the impact of food-versus-fuel issues, land use constraints, 
increased irrigation and water requirements, the increased use of pesticides, and other 
factors. 

Blending beyond the 10% limit requires the Environmental Protection Agency to lift this 
limit and would require considerable infrastructure to provide fuels for vehicles designed 
to mn on higher ethanol concentrations. 

11) Are you involved in developing production in Canada’s oil sands or Western oil 
shale? Do you believe those alternatives will become more viable if the price of oil 
continues to rise? 

Answer : Chevron has nine heavy oil lea.ses in place in the Athabasca Region of Northern 
Alberta. Called the Ells River Appraisal Project, it is comprised of 85,000 acres and has 
an estimated 5.2 to 9.8 billion barrels of bitumen in place. At the nearby Athabasca Oil 
Sands Project, Chevron and its partners are producing about 155,000 barrels of bitumen 
per day and Chevron has committed $2 billion to expand bitumen production, targeting 
255,000 barrels per day by 2010. The mine contains more than five billion barrels of 
mineable bitumen. 

The U.S. Department of Energy estimates 1.2 trillion barrels of shale oil in Colorado's 
Piceance Basin, or about 0.5 to 2.5 million barrels per acre. Chevron's proposal is to test 
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proprietary oil shale technology on a 160-acre Bureau of Land Management lease about 
25 miles southwest of Meeker, Colorado. This RD&D (Research, Development and 
Demonstration) lease is one of only five issued by the federal government in the last 30 
years. Our RD&D project is designed to determine if our oil shale technology can result 
in the economic development of this resource. 

12) The American Jobs Creation Act provides a tax credit of up to $1.00 per gallon for 
the sale and use of "agri-biodiesel” — biodiesel from virgin agricultural products. 
The credit is $0.50 per gallon for biodiesel from recycled grease. In addition, the law 
provides an excise tax credit for biodiesel blends (i.e., biodiesel and conventional 
diesel). Producers are eligible for one credit or the other, but not both. The Energy 
Policy Act of 2005 extends these credits through 2008. Do you support making these 
credits permanent? Do you support increasing these credits? 

Answer : We believe that free and open markets for transportation fuels, where all fuels 
must compete on their own merits, are the best way to deliver the greatest value to our 
customers. Mandates, subsidies, and tariffs can distort market forces by picking artificial 
winners and reducing the incentive for innovation. 

13) Do you support suspending or reducing the number of “boutique fuel mixes" that 
each state mandates in order to reduce gas prices in the near future? 

Answer : Yes, Chevron encourages careful evaluation of policies that can lead to 
unintended consequences and create inefficiencies in the gasoline supply system. Today 
we have over 17 "boutique” fuel requirements across the country, requiring us to blend 
unique gasoline products for different states and different localities in response to clean 
air initiatives. More requirements on fuels are being added through additional national 
and state renewable fuel mandates and proposed climate policies. For example, the 
federal Renewable Fuel Standard (RFS) imposes a national mandate to include rising 
levels of corn-based ethanol in our gasoline products and, over time, add significant 
quantities of cellulosic biofuels. At the same lime that we are accommodating this new 
mandate, several states have proposed or have already established separate renewable 
fuel mandates. Both state and federal policymakers have proposed legislation to reduce 
greenhouse gas emissions that again is focused very heavily on the transportation fuels 
sector and could cause yet more boutiques to be created. We urge you and your 
colleagues to reflect on how to advance these important national policies without 
inadvertently disrupting our ability to provide the gasoline and transportation fuels that 
the United States needs at prices that are affordable. Rationalization of these multiple 
requirements will reduce complexity in the system by creating at least regional standards 
so gasoline can move across state boundaries without having to change the formulation, 
will create greater efficiencies in the fuel supply distribution system, and enhance the 
industry’s ability to resupply areas during supply disruptions. 

14) Do you believe that the Energy Independence and Security Act of 2007 went far 
enough to access US oil and natural gas resources? 
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Answer : Passage of the Energy Independence and Security Act (EISA) of 2007 is a clear 
sign that addressing our nation's energy challenges is a top priority for policy makers. 
Congress must take the momentum developed and pursue additional long-term policies to 
enhance our energy security. The recent NPC Report contains important policy 
recommendations that Congress should consider. 

Unfortunately, EISA failed to address a number of important public policy issues, 
including increasing the country’s energy supply. It did not expand access to domestic 
land and Outer Continental Shelf reserves of oil and natural gas. It also failed to provide 
for increased utilization of coal-based fuels, which can augment conventional domestic 
oil and gas supplies and reduce imports. The increased use of domestic sources, like 
petroleum and natural gas will play a critical role in meeting growing demand for decades 
to come and in enhancing U.S. energy security. While energy efficiency and deployment 
of renewable energy sources are important elements, increasing America’s domestic 
supply will play a critical role in meeting America's growing energy demand for decades 
to come, 

15) Are you actively pursing carbon sequestration and Enhanced Oil Recovery in your 
oil fields and has that work been successful? What more needs to be done in this 
area? 

Answer : Yes, we need all the energy we can get from every available source. We must 
continue to bring traditional energy supplies to market, and invest in the critical energy 
infrastructure this nation needs, even as we are developing alternative sources of energy. 

Capturing and storing carbon dioxide in geologic formations (often called carbon 
sequestration) is among the key technologies Chevron is pursuing to mitigate GHG 
emissions. Chevron is working with industry partners, academic institutions and 
government researchers to develop and deploy the technology. 

Our Gorgon Liquified Natural Gas project, located in Australia, is one of the most 
important gas projects in our industry today. In addition to having the potential to supply 
natural gas to Asia Pacific consumers for the next 40 years, Gorgon will also include one 
of the world's largest, most advanced carbon sequestration projects, About 3 million 
metric tons per year of carbon emissions will be sequestered that would otherwise be 
released into the atmosphere. That's a reduction of 40 percent from business-as-usual 
emissions. Over the life of the project, we expect approximately 120 million tons of 
reservoir CO 2 to be safely injected. 

The Chevron-operated Rangely field in northwestern Colorado is one of the largest and 
oldest producing oil fields in North America. Rangely utilizes carbon sequestration 
technology, applying water and carbon dioxide (CO 2 ) flooding and other technologies to 
optimize recovery of its significant reserves. 
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We are also doing extensive work in Enhanced Oil Recovery, Chevron has formed a 
research alliance with The University of Texas at Austin to develop new technologies to 
increase the amount of oil recovered from mature and challenging reservoirs. 
Conventional production methods have typically recovered about one-third of the oil in 
place from light oil reservoirs, so applying advanced technologies to increase recovery 
factors can be an important source of reserve and production growth from existing fields. 
Technologies such as advanced steamflooding are enabling us to increase the value of 
existing resources while helping us develop the resources of tomorrow. This year we 
expect to spend nearly $1 billion on the sophisticated technology and ongoing 
development activities required to produce as many barrels as possible out of our 100- 
year-oil Kern River field in California. 

16) What is a ballpark figure of bow much your company pays in taxes each year? 

Answer : As reported to the SEC, Chevron’s total tax liability in 2005 was over $30 
billion, and in both 2006 and 2007 was over $35 billion. 

17) A couple of you mentioned the National Petroleum Council repot “Facing the Hard 
Truths about Energy” do any of you disagree with the findings of that report? 

Answer : The NPC report outlines a comprehensive, integrated and broad based approach 
to U.S. energy security. We believe the NPC study has given us sound, sensible and 
achievable solutions, 

18) Several of you mentioned the increasing cost of materials, difficulty in finding labor 
and specifically difficulty in finding engineers and scientists in oil and gas 
development. What policies do you think would help get the materials and people 
that you need? 

Answer : Today's global energy infrastructure requires substantial ongoing investment to 
su.stain production, tap new sources and meet growing demand. We find ourselves in an 
extremely competitive global marketplace for all resources which has resulted in sharply 
rising costs for our industry. 

The NPC Report encourages Congress to provide support to those seeking engineering 
and technical degrees, modify the U.S. tax code and retirement plan regulations to allow 
part-time work after retirement without penalty, and increase student and immigration 
quotas for trained professionals in energy and technical fields. 

Additionally, we urge Congress to reject punitive measures on our industry. Regardless 
of intent, these will diminish our ability to invest in the long-term solutions critical to 
maintaining this country’s energy infrastructure and supplies, as well as our ability to 
develop diverse energy resources in the future. 
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19) Is there something in the mannfacturing sector that we need to do to help insnre 
that yon get the snpplies that yon need? 

Answer : Today’s global energy infrastructure requires substantial ongoing investment to 
sustain production, tap new sources and meet growing demand. We find ourselves in an 
extremely competitive global marketplace for all resources which has resulted in sharply 
rising costs for our industry. 

We urge Congress to reject punitive measures on our industry, which will diminish our 
ability to compete with other manufacturers in the global marketplace. We are competing 
with foreign oil and other manufacturers in an environment where contractors, fabrication 
facilities and materials such as steel are in short supply. Punitive measures such as 
windfall profits taxes will diminish our ability to acquire these critical resources and 
invest in the long-term solutions necessary to maintain this country’s energy 
infrastructure and supplies, as well as our ability to develop diverse energy resources in 
the future. 

20) The International Energy Agency estimates that $22 trillion - in new energy 
investments will be needed by 2030. Where would that money come from? 

Answer : The lEA projects that $22 trillion of investment will be required to meet the 
world’s projected demand growth by 2030. The $22 trillion includes investment across 
the supply-chain including resource development, transportation, conversion, and 
distribution, It includes investment in Power Generation, which is expected to account 
for just over 50% of projected investment requirements. (Source: lEA World Energy 
Outlook 2007) The global investment needed for the oil and gas sector is about $400 
billion per year, Current spending rates are below that. This year, estimates suggest that 
total global capital investment will approach $300 billion. 

Investment will come from a combination of private and government investment 
targeting the future energy value-chain. Chevron plan.s to invest roughly $22 billion this 
year alone across the energy value chain to bring energy to the marketplace, but globally 
more investment is needed. Much has to come from governments because governments 
own and control National Oil Companies. 

21) What would be required to get biofuels to a commercial scale that they could 
replace oil in the United States? 

Answer : Given that the global demand for energy is growing, it will take contributions 
from all energy sources — traditional energy, and renewables and alternatives. Biofuels 
are one of the renewable energy sources that Chevron is actively pursuing. While experts 
believe that conventional fuels will continue to meet the majority of future demand, 
biofuels will also be an important part of the fuel supply. The U.S. Energy Information 
Administration (ElA) projects that even with rapid increases in renewable energy use 
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driven by the Energy Independence and Security Act (EISA) of 2007, renewables will 
supply about 12 percent of the total U.S. energy demand in 2030. 

Chevron’s biofuels business is advancing technology and pursuing commercial 
opportunities relating to the production and distribution of second-generation, or non- 
food, biofuels. However, there are significant challenges that need to be resolved so that 
we can generate the kind of production at a scale needed to supplement U.S. demand. 

First, there are the issues of technology and feedstock. The technology needed to 
economically produce non-food biofuels at scale does not currently exist. In addition, 
there are challenges with sourcing large amounts of non-food feedstock. Chevron 
believes that these challenges can be overcome, and to do so, we’re collaborating with 
leading laboratories, universities, and commercial partners, including Weyerhaeuser, - as 
well as conducting our own R&D. 

Even if all the technical challenges to second generation biofuels are overcome, there will 
still need to be an infrastructure to accommodate a commercial-scale industry. Delivering 
any physical product on that kind of scale requires an enormous infrastructure. 
Infrastructure is perhaps the most- important and least talked about factor that could 
constrain second-generation hiofuels. 

22) In your testimony, several of you point to speculation as a contributing cause of 
high crude oil prices. I have introduced legislation, the Prevent Unfair 
Manipulation of Prices (PUMP) Act (HR 594), which would improve oversight of 
“dark markets” which are currently unregulated by the Commodity Futures 
Trading Commission. In our December 2007 Oversight and Investigation 
Subcommittee hearing, we heard testimony that this could reduce the cost of oil by 
$30 a barrel. Do you believe that speculation in the market is driving up the price of 
oil? Would you support this legislation? 

Answer : We believe it is unlikely that speculative financial trading has a significant 
effect on crude prices over the long term. Many factors influence the price of oil, 
including supply and demand, perceptions of market trends, geopolitical instability, 
commodity investments, and the devaluation of the dollar. However speculation can be a 
factor in any commodity market, including oil. Over the long term we don't see 
speculators dominating the market - it is too large. We don’t have the ability to quantify 
the impact of various individual factors that influence the price of crude oil. 

Chevron’s view is that efficient and transparent markets work, and measures to increase 
transparency may be helpful. Congress should carefully evaluate any policy proposals to 
ensure there are no unintended consequences. 

We do believe the market would react favorably if America showed real determination to 
increase access to domestic supplies. 
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23) What is the average number of barrels of oil your companies trade each day on 
NYMEX? On the InterContinental Exchange? 

Answer : Our volume traded on the NYMEX is less than one half percent of the barrels 
traded per day. Our volume traded on the ICE is less than one tenth percent of the barrels 
traded per day. 

24) During the April 1, 2008 hearing, you each spent most of your time complaining 
about taxes, specifically that the Renewable Energy and Energy Conservation Tax 
Act (H.R. 5351) passed by the House would repeal $18 billion over ten years in 
subsidies to your companies. Several times during the hearing, you also said that 
your companies do not support mandates and subsidies for renewable fuels. Over 
the next ten years, your companies are expected to make $14.6 trillion. H.R. 5351 
would only account for approximately one tenth of one percent of your gross 
income! How can you insist on retaining these subsidies and tax breaks for your 
companies while opposing assistance for renewable energy? 

Answer : In my testimony, I .stated that between 2002 and 2007, Chevron invested 
approximately $73 billion back into the business to bring new energy supplies to 
market — investing what we earned. Any increase in taxes on the industry will result in 
less capital available for new investments in energy projects, at a time when we need 
more investment. 

The Section 199 provision was designed to eneourage domestic Jobs in various industries. 
Including Section 199’s tax benefits encourages new U.S. oil and natural gas production and 
investments in new petroleum refining capacity. High-paying U.S. oil indu.stry jobs with 
excellent health care and other benefits are preserved, and development of domestic energy 
supplies is encouraged. We believe that the recent punitive proposal to deny this provision to 5 
companies is neither good energy policy nor good tax policy. 

25) At the American Society of Newspaper Editors Convention on April 14, 2005, the 
President said, “I will tell you, with $55 [a barrel] oil we don't need incentives to oil 
and gas companies to explore. There are plenty of incentives. What we need is to put 
a strategy in place that will help this country over time become less dependent. It's 
really important. It's an important part of our economic security, and it's an 
important part of our national security.” Today, crude oil prices are double the 
President’s example! Do you agree with President Bush that oil and gas companies 
do not need incentives to explore when oil is more than $55 a barrel? Do you agree 
with President Bush that we should instead be investing in renewable energy that 
will help this country become less dependent on oil? 

Answer : Chevron believes that in the current market environment, new tax incentives are 
not needed for oil and gas exploration. 
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We literally need all the energy we can develop and we need to use energy more wisely. 
Thi.s includes oil, natural gas, coal, and nuclear power. It also includes renewables, and, 
just as important, it includes a focus on energy efficiency. 

As we have testified, globally Chevron has spent more than $2 billion since 2002 on a 
broad range of renewables and energy efficiency. Between 2007 and 2009, we have 
announced plans to spend an additional $2.5 billion on renewable technologies and 
energy efficiency solutions. 

26)1 have attached internal memos from Chevron, Texaco, and Mobil. The Chevron 
memo quotes a “senior energy analyst at the recent API convention,’’ stating “if the 
US petroleum industry doesn’t reduce its refining capacity it will never see any 
substantial increase” in profits. The Texaco memo complains that “supply 
significantly exceeds demand” leading to “very poor refinery margins and very poor 
refinery financial results.” The Mobil memo advocates keeping a smaller refiner, 
Powerine, from reopening, stating that a “full court press is warranted in this case.” 
From 1995 to 2002, more than 30 refineries have been closed in the United States. 
Have any of your companies applied for permits to build new refineries? If yes, how 
long did it take to obtain the necessary permits? In July 2007, gas prices increased 
30 cents overnight in Escanaba, Michigan. There were no supply disruptions or 
other major events that would influence the price this significantly. Is there any 
logical explanation why prices would increase 30 cents in that short of time? On 
May 23, 2007, the U.S. House of Representatives passed H.R. 1252, the Federal 
Energy Price Gouging Prevention Act by an overwhelming vote of 284 to 141. 

Please explain why this legislation is not needed, given the significant price increases 
consumers continue to face. 

Answer : The internal Chevron memo you quote reports on remarks by an external 
industry analyst at a general industry meeting. We are attaching a letter previously 
submitted to the House Commerce Committee explaining the background behind this 
memo and how it has been misconstrued. (See Attachment 2} 

Regarding the question on refinery capacity, we have not applied for a permit to build a 
new refinery, but have invested to increase capacity at our existing refineries. 

While the number of U.S. refineries has decreased, refinery capacity has increased 
because refineries have become larger, more complex and more efficient. A combination 
of regulatory uncertainty, lengthy permitting processes, and multiple regulatory approvals 
create significant disincentives for modernizing and/or expanding existing refineries or 
constructing new refineries. 

We are investing in our refineries and marketing business to continue to improve our 
ability to supply the products U.S. consumers need. We are investing $2.3 billion in 2008 
in our U.S. refining and marketing assets. Since 2002, we have invested $5,2 billion and 
we have developed additional gasoline production capacity of more than 1 million 
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gallons of transportation fuel production per day. At pre.sent, we are working on major 
projects at each of our big three U.S. refineries. In California, we are advancing through 
the permitting process for projects at our El Segundo and Richmond refineries. The 
process of obtaining these permits at Richmond has taken over three years and is not 
complete. This is more time than needed to construct a new world-scale state-of-the-art 
refinery with our partners in India, or complete a major refinery expansion with our 
partner in Korea. We are also investing in refineries outside the United States, such as 
Pembroke, Wales, which can produce gasoline to meet U.S. and California specifications. 

The local and global forces of supply, demand and competition set the price. Although it 
is impossible to know exactly why prices in particular markets move as they do because 
of the myriad complex factors involved, basic economic principles apply: There is 
upward pressure on prices when demand grows or if a dismption in supply occurs, Cmde 
oil prices are also a key factor in fuel prices because crude is the primary raw material 
used to produce gasoline. History has shown that over the longer term, gasoline prices 
generally track the rise and fall of crude oil prices. 

Chevron is committed to working with the Congress to build public understanding of the 
reasons behind gasoline price increases and decreases, which are driven by the market. 
The term “price gouging” has no precise definition outside of specific state statutes, 
which define it in a number of different ways. Chevron is committed to comply with 
these laws. State Attorneys General and the FTC have conducted extensive price-gouging 
investigations. They are better situated to investigate and determine if there have been 
any violations of the law, and have found no violations by major refiners. If Chevron 
learns that a Chevron-branded station violated the law, we will take the appropriate action 
based on all the circumstances of the particular case. That could include termination of 
an offending customer’s supply contract with Chevron. 

27) In May 2004, the II.S. General Accounting Office released its report, “Effects of 
Mergers and Market Concentration in the U.S. Petroleum Industry.” In this report, 
GAO found that over 2,600 mergers have occurred in the U.S. petroleum industry 
since 1990. The GAO also pointed to economic literature that suggests that firms 
sometimes merged to enhance their ability to control prices. Each of your companies 
today is the result of significant mergers in the industry. Do you see any more 
mergers taking place? 

Answer : It is impossible to predict whether we will see more consolidation. Many capital 
intensive industries have tended to consolidate over time. However, technological 
developments, changing economics and divestitures have created new competitors. We 
are now in a period of great change in the energy sector. With significant investment 
needed to provide new energy supplies and to develop new technologies and alternative 
fuels, it is likely the industry will continue to evolve, which may include additional 
merger activity. 
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28) In your testimony, almost all of you mention “more domestic drilling” as your top 
solution to high energy prices. What assurance can you provide that oil and gas 
from the Arctic National Wildlife Refuge (ANWR), the Outer Continental Shelf 
(OCS), or other domestic sources would stay in the United States? What is your 
response to economists that tell os that the oil and gas will likely go to higher priced 
markets in Japan and elsewhere? 

Answer : Crude oil is a globally traded commodity whose price is determined by various 
factors including supply and demand, perceptions of market trends, geopolitical 
instability, commodity investments, and the devaluation of the dollar. We don’t have the 
ability to quantify the impact of these factors. What we do know is that every addition to 
the supply of crude oil, anywhere in the world, will create downward pressure on the 
price of crude oil. 

The reality is that America today depends upon oil and gas to meet its energy needs. The 
U.S. remains one of the largest oil producers in the world with oil and natural gas liquids 
production of nearly 7 million barrels per day. However, a combination of rising demand 
in the United States coupled with declines in our traditional production base for oil and 
gas have resulted in increasing levels of foreign imports, particularly for transportation 
fuels. In 2007, the U.S. imported 13,5 million barrels per day of crude oil and petroleum 
products or roughly 65 percent of total U.S. consumption. U.S. imports of crude oil 
reached about 10 million banels per day in 2007 or 73 percent of net input into U.S. 
refineries. 

However, America can become more energy secure by reducing our dependence on 
imported foreign oil. That is a policy choice. By developing more of our own resources, 
we send a message to the rest of the world that we are determined to do our part to 
increase energy supplies. 

29) In May 2006, the Energy and Commerce Committee held a hearing on gas prices, 
and we discussed the crack spread, or the difference between a barrel of crude oil 
and the refined product. At this hearing, the average crack spread for a refinery in 
2006 was estimated to be about $20 to $30 a barrel by Howard Gruenspect, the 
Deputy Administrator at the Energy Information Administration. Mr. Gruenspect 
testified that a crack spread of $8 or $9 is sufficient to cover refining expenses and 
provide a reasonable profit to the facility. What is your current crack spread at the 
refineries your companies operate? Why have your companies scaled back their 
refinery expansion plans to keep crack spreads high? 

An.swer : Chevron considers the following industry benchmark refining margins to be the 
most relevant to Chevron’s U.S. refining business: 
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Refining Margin Benchmark 1st Otr. 2008 

U.S. West Coast Blended 5-3-1-1 

(50% Arab Medium, 25% Arab Extra Light. $20,39 

and 25% Alaska North Slope) 

U.S. Gulf Coast Maya 5-3-1-1 $26.35 

Chevron’s realized refining margins in the first quarter of 2008 were lower than these 
industry indicator margins due to refinery downtime and other factors. 

Chevron has not scaled back refinery expansion plans in order to affect refining margins 
In fact, we have increased capacity over the last two years by over 1 million gallons per 
day, and we are actively pursuing additional projects to increase the efficiency and 
refining capacity of our U.S. refineries. 

There is simply no basis for the allegation that refiners are guilty of price manipulation. 
In its comprehensive 2006 Investigation of Gasoline Price Manipulation and Post- 
Katrina Gasoline Price Increases, the Federal Trade Commission reported: 

“Our investigation uncovered no evidence indicating that refiners make 
product output decisions to affect the market price of gasoline. Instead, 
the evidence indicated that refiners responded to market prices by trying to 
produce as much higher-valued products as possible, taking into account 
crude oil costs and other physical characteristics." 

The FTC report also found that: 

“Refiners appear to make capacity expansion decisions based on internal 
financial criteria and long-term forecasts about market conditions. No 
evidence suggested that, when making these decisions, refiners take into 
account any effect their capacity additions will have on prices.” 

Of course, gasoline prices have risen since the FTC issued that Report. But today’s 
higher fuel prices are explained entirely by the even greater increases in global crude oil 
prices. During the last three quarters Chevron’s U.S. Downstream sector (refining, 
marketing and transportation) incurred a loss of $161 million, due primarily to the 
inability to recover higher crude oil costs. 

30) Please provide a list of oil and gas leases currently in the possession of your 
company and its subsidiaries, and give a status report as to the state of the 
production of each of these leases. 

Answer : We currently hold a total of 2139 Federal leases and 1453 of them are 
considered developed. The following table details the number and percentage of these 
leases that are developed and held by production vs. those that are considered 
undeveloped, broken out by onshore and offshore. 
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Note the relatively larger percentage of offshore leases currently characterized as 
undeveloped (though not inactive). This reflects several factors, including; a larger 
percentage of newer leases in early evaluation phases (it can take over a decade to 
develop a prospect) and the greater challenges involved developing offshore 
infrastructure to support discoveries. Further, over 10 percent of our “undeveloped” 
offshore leases are classified as “non-producing within a unit”. In this case production of 
a reservoir common to the unit may occur from facilities on one or only a few of the 
unitized leases. While the resource associated with the lease is actually being produced, 
the data we submit to the SEC classifies the lease acreage as undeveloped. 


CHEVRON FEDERAL OIL & GAS LEASES 




DEVELOPED 

DEVELOPED - % 

UNDEVELOPED 1 l-’NDEVELOPED - % 

ONSHORE 

1343 

63% 

1155 

86% 


14% 

OFFSHORE 

796 

37% 

298 

37% 

498 

63% 

TOTAL 


100% 

1453 

68% 

686 

32% 


Most of Chevron's undeveloped leases are located in water depths between 4,000 and 
10,CK)0 feet where there is no infrastructure to produce hydrocarbons, and most of 
Chevron’s exploratory activity is in ultra-deepwater (greater than 6,000 feet) areas of the 
Gulf of Mexico. Technology is being developed to produce newly discovered resources 
in ultra-deepwater, but it takes years to design, build, test, and install this new equipment. 
In many cases 10 year primary lease terms are too short to allow orderly development in 
frontier areas such as ultra-deepwater. 

Onshore or offshore, our consistent practice is to conduct a thorough evaluation, followed 
by development where viable, of every lease we hold. Not every lease has recoverable 
resources — leases for those properties that are unproductive are relinquished once we 
have determined that commercial quantities of oil and gas are not available. 

31) As fuel prices rose over the past 6 years, has American demand decreased? Why or 
why not has this occurred? If gas taxes were increased, do you think demand would 
decrease? Did this happen in European countries when then imposed large gas 
taxes? 

Answer : The accelerated increase in demand for energy since 2004 has reduced the 
global spare capacity of crude oil, creating a tighter relationship between supply and 
demand and heightened concerns in markets around the world. In the U.S., consumers 
have begun to respond to the high fuel prices by using less. Figures from the EIA suggest 
that petroleum product demand in the U.S. has fallen 4.4 percent over the first three 
months of the year, compared with the same period last year. 
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As it is impossible to know exactly why prices in particular markets move as they do 
because of the myriad complex factors involved, it is also impossible to determine how 
demand will react to a myriad of complex factors. 

The marketplace forces of supply, demand, and competition determine the price of 
gasoline. Chevron takes the market as we find it and we price our products competitively 
in each market we serve. Increased taxes would add to the price of gasoline, and therefore 
could impact gasoline demand. 

As far as Europe is concerned, diesel penetration of the European passenger car markets 
started around the end of the 1980s, when technological innovations improved the 
comfort and driveability of diesel cars. It is also our understanding that a shift in public 
policy drove gasoline taxes higher, creating a huge incentive for diesel powered vehicles, 
which further contributed to the “dieselization” of the automobile industry in Europe. 

32) At current projections, when will your current reserves be depleted? 

Answer : Chevron’s proved oil & gas reserves, as defined by the U.S. Securities & 
Exchange Commission, total 10,777 million barrels of oil equivalent. This would last 
roughly 1 1.4 years at 2007 rates of production. 


Chevron Reserves to Production Ratio gJUSH 

Oil S Gas Production 2,6 

Oil S Gas Production MMBY' 946.0 

Proved PEG Reserves (MMBs) 10,777 

Reserves to Production Ratio 11.4 


'Per SEC Definition 

However, proved reserves only capture a fraction of Chevron’s total resource portfolio. 
Chevron’s total oil and gas resource portfolio is estimated to be 62.58 billion barrels of 
oil equivalent. Resource is defined as unrisked proved, probable and possible reserves 
plus potential recoverable resources contingent on commerciality, including oil volumes 
associated with Athabasca Oil Sands mining. Cmde oil extracted through bitumen mining 
operations is not considered to be an oil and gas producing activity by the Securities and 
Exchange Commission. 

The long-term viability of our business depends on our success in implementing the 
massive investments required to transfer these resources into recoverable proved 
reserves, and ultimately into production. 

33) When do you expect underdeveloped countries will reach a level to where they will 
begin to significantly buy oil for use? How will this affect supply and fuel prices? 
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Answer : Today the developed economies in North America, Europe, and Asia account 
for roughly 56% of the world’s oil consumption. It will be some time before under- 
developed countries rival these nations in terms of absolute levels of consumption. 
However, developing economies (non-OECD) have accounted for nearly 91% of the 
growth in oil demand since the start of this decade. China alone has made up nearly 32% 
of the rise in global oil demand since 2000. 

The emergence of significant levels of demand growth across these developing 
economies has been one of the critical factors shaping global oil market dynamics and 
prices this decade. 

34) If all conventional, alternative, and unconventional sources of oil in the U.S. were to 
be developed, how long would the supply last based on current estimates of 
increased usage? 

Answer : This is a difficult question to answer given the broad definition of conventional, 
alternative, and unconventional sources of domestic oil. There is great uncertainty 
regarding technology and future development to pinpoint the future potential of resources 
like second generation biofuels, coal-to-liquid (CTL), shale, etc. Some of these 
technologies compete in other markets and therefore it is unclear exactly how much 
resource will be devoted to liquid fuel development. Shale and coal development will 
also hinge future environmental policy (CO 2 ) and permitting from the federal to local 
level. 

The U.S. holds 2% of the world's conventional oil reserves and 3% of the world's natural 
gas reserves. However, the U.S. holds huge undeveloped resources of natural gas, oil and 
two promising unconventional sources of liquids fuels; coal and oil shale. Of the world's 
estimated 4 trillion barrels of oil equivalent (BOE) for coal, the U.S. has a 28% share or 
1.1 trillion BOE. Of the world's estimated 1.1 trillion BOE proved reserves base of oil 
shale, the U.S. has a 58% share or over 600 billion BOE. 

Perhaps a more concrete example would be to look at conventional oil resources in the 
U.S. currently off-limits to development. The U.S. Minerals Management Service 
estimates that the 85% of acreage of the Outer Continental Shelf off-limits to oil & gas 
development contains: 

■ 1 9 billion barrels of oil - enough to replace OPEC imports for 1 1 years 

■ 86 trillion cubic feet of natural gas - enough to meet current residential use for 1 8 
years 

35) Please describe to this committee your short, middle, and long-term plans for oil 
and renewable energy development. 

Answer : We are actively responding to the energy demand of the United States and 
countries around the world — investing aggressively to develop a diversified portfolio of 
energy supplies to meet today’s and tomorrow’s needs. Our activities span a diverse 
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portfolio of energy interests, including traditional oil and gas, renewables, alternatives, 
energy efficiency services, and research and development in future energies. Between 
2002 and 2007, Chevron invested approximately $73 billion back into the business to 
bring new energy supplies to market — investing what we earned. Some $22 billion of 
that sum was invested in our U.S. operations. 

Globally, Chevron currently has 40 major capital oil and natural gas projects in the 
planning, engineering or development stage, each with a net Chevron share of the 
investment over $1 billion. These projects are critical to supplying the energy that the 
world needs and will be important to closing the gap between supply and demand, which 
is key to addressing the challenge of high prices. Out of this queue of 40 major supply 
projects, eight are located in the United States. And there are many other upstream 
projects under $1 hillion that will yield significant production. 

Since 2002, Chevron has spent more than $2 billion to develop renewables and energy 
efficiency services. Between 2007 and 2009, our spending on renewable technologies 
and energy efficiency solutions will be an additional $2.5 billion. 

36) You note that you blend ethanol into almost 40% of the gasoline that you sell in the 
United States - how has the price of ethanol fluctuated over the last few years and 
what impact has that had on the price of gasoline overall? 

Answer : Ethanol is an important component for gasoline supply, and is therefore a factor 
in fuel costs but to a much lesser extent than crude oil because of the low ratio of ethanol 
in gasoline. Inasmuch as ethanol adds to the supply of gasoline, the fundamental laws of 
supply and demand predict a moderating influence on prices. If the cost of ethanol were 
to significantly increase or decrease, it could have a corresponding effect relative to the 
price of gasoline at that time. But quantification is virtually impossible due to the many 
other forces affecting both supply and demand. 

37) What type of ethanol are you using for your blends? And what types of “next- 
generation biofuels” are you considering? 

Answer : Chevron is currently not a producer of ethanol and, therefore, to meet our 
system requirements we purchase anhydrous ethanol from a variety of domestic and 
international producers and distributors. Domestic ethanol supplies are produced mostly 
from com while international supplies are produced mostly from sugar cane. 

Next generation biofuels under research at Chevron include cellulosic ethanol, biomass- 
based diesel and other finished liquid fuels, and biomass-based cmde and intermediate 
products that can be further processed in our existing refining infrastructure, 

38) In your testimony you note that you are the world’s largest geothermal energy 
producer. Where are you producing that energy? What would make the U.S. a 
viable site for geothermal production? 
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Answer : We currently operate geothermal power facilities in Indonesia and the 
Philippines, with a total installed capacity of 1,273 megawatts. The U.S already has 
geothermal power plants, primarily in the western U.S. where geothermal reservoirs 
exist. While large power generation facilities are limited to locations where underground 
reservoirs of hot water and steam are available. Chevron is also evaluating technologies 
that extract geothermal energy from nontraditional sources. These technologies can be 
integrated into existing operations to minimize resource waste, and generate renewable 
baseload power for operating cost offsets and/or supplying power to the grid. 

39) I am told that you have actually used solar panels to provide energy for drilling for 
oil in some of your locations. Could you expand on your experience with that? 

Answer : The Solarmine project, installed on six acres of Chevron oilfield property near 
Bakersfield, California, generates peak power of approximately 500 kilowatts, or about 
930,000 kilowatt-hours of clean energy annually. The purpose of the project has been to 
gain experience in the design and development of a flexible photovoltaic (PV) system 
and collect data to evaluate the system’s performance and benefits. The system is made 
up of 4,800 Uni-Solar PV- 128 photovoltaic modules installed on south-facing racks. At 
the time the system was completed in early 2003, it was the largest array of amorphous- 
silicon solar technology in the world, offsetting 326 tons of C02 emissions annually. 

The project is connected to the local electric distribution system and provides power to 
oil-well pumping units and processing plants in Chevron's Midway-Sunset oil field. We 
are also evaluating alternative solar thermal systems to see whether they can be useful in 
generating heat for oil production. 

40) As for the projects where Chevron has provided solar energy, what has been your 
experience with consistency of available power generation? 

Answer : When Chevron develops a solar project, we utilize various models developed by 
the National Laboratories to estimate the level of output for a solar project. We enter in 
the site specific and project specific attributes such as the system size, location, 
orientation, tilt, module and inverter characteristics, etc, to estimate the future output of 
the facility. We then track the actual performance of the solar system utilizing data 
monitoring systems. We have consistently found that the actual output of the solar 
system meets or exceeds the expected output of the system. This assumes that the 
installation itself is properly designed, engineered, and maintained based on site specific 
criteria and that there is no shade on the modules during the daytime hours. 

The energy produced on an annual basis is fairly predictable and also reasonably stable 
over time. From an electric utility’s perspective, the question of consistency may be 
regarded quite differently as the output of a solar facility can entertain wide variations 
multiple times in the same day, and even during daytime hours, due to weather patterns, 
clouds, or other factors. Thus, the "capacity” value of solar is somewhat variable over the 
period of a day, but the ’energy" value" is generally quite consistent over the long term. 
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41) On Page 2 of your testimony, you emphasize that “strong global demand” and 
“weak U.S. dollar” have driven up oil prices - what countries have soaring demand 
for oil and how does that compare to the demand for oil in the United States? 

Answer : The U.S. is the world’s single largest consumer of oil accounting for roughly 
24% of global consumption or 20.7 million barrels per day. The U.S. has only accounted 
for about 7% of the rise in global oil demand since 2000, whereas developing economies 
have made up nearly 91% of the growth in oil demand since the start of the decade. 

The emergence of significant levels of demand growth across these developing 
economies has been one of the critical factors shaping global oil market dynamics and 
prices this decade. 

China has been the single largest contributor to oil demand growth this decade 
accounting for 32% of the increase in demand since 2000. In absolute terms, China 
consumes 7.9 million barrels per day. 

The Middle East has accounted for nearly 24% of the increase in oil demand since 2004. 
The lEA projects that the region will account for 30% of the increase in oil demand this 
year. The emergence of the demand growth in the Middle East has also been a significant 
event in the oil market. Higher internal demand in the region means less available for 
export from the Middle East — a key oil supplying region. 

42) On Page 3 of your written statement you say “The Middle East is also in the middle 
of a substantial investment cycle, a process that has kick-started oil demand growth 
in the face of rising oil prices.” Could you explain that statement further? 

Answer : Higher oil prices have resulted in generating significant investment in Middle 
East oil resources for producers. This has stimulated economic growth across the region 
through higher levels of domestic investment in projects and infrastructure. This 
investment phase has prompted higher demand for raw materials, including energy, 
across the region. 

The Middle East has accounted for nearly 24% of the increase in oil demand since 2004. 
The lEA projects that the region will account for 30% of the increase in oil demand this 
year. Most Middle East governments subsidize oil consumption; therefore demand 
growth has not been heavily impacted by the rising price of crude oil on the global 
market. 

43) On Page 7 of your testimony, you talk about your project to make biofuels from 
non-food sources - what sources do you think hold the most potential? 

Answer : Chevron is researching the potential of a wide variety of non-food and non-feed 
biomass sources. We are evaluating forestry resources and by-products, switchgrass. 
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puipose-grown energy crops such as miscanthus, energy cane, sorghum, jatropha, and 
municipal solid waste and other recovered fibers. In addition, algae may hold promising 
long-term potential and the added benefit of not requiring large amounts of tillable land 
to achieve commercial scale. 

At this stage of our research, it would be premature to know which one or combination of 
sources hold the most potential for large scale non-food commercial biofuel production. 

44) What has your experience with hydrogen stations? What kind of investment would 
it take to update our infrastructure nationally is hydrogen becomes a viable option 
for transportation fuel in the long term? 

Answer : Chevron currently operates a total of five hydrogen energy demonstration 
stations in California, Michigan and Florida. Hydrogen vehicle technology is still in the 
demonstration phase. Despite progress, major hurdles of high fuel cell costs, on-board 
hydrogen storage costs and limits, and high costs for dispensed hydrogen remain. Until 
advanced hydrogen production and storage technologies for retail use are developed it’s 
difficult to estimate the costs of deploying hydrogen infrastructure at commercial .scale. 
We expect the industry to continue demonstrations and niche applications including some 
use by transit buses within the next five years, but significant penetration into the Light 
Duty Vehicle market seems likely to be decades away. 

Continuing progress in other vehicle technology and fuel alternatives, and the desire for 
nearer-term .solutions has moved hydrogen out of the spotlight. Alternatives .such as 
hybrid-electric gasoline or diesel vehicles do not present the barriers of hydrogen, can 
approach overall fuel cell vehicle energy efficiency, continue to improve, and are 
commercial now. Hydrogen use in internal combustion (1C) engines is quite well 
demonstrated, but engine efficiencies are not necessarily better than diesels. NOx 
emissions controls may still be required, and hydrogen storage and fuel costs are high. In 
addition, there remains a concent about hydrogen safety in routine fueling by the public. 

45) You note that you are investing in a refinery in Pembroke, Wales which can 
produce gasoline to meet US and California specifications. Why not build this 
refinery in the United States? 

Answer : Upgrading and expanding existing refineries has been more efficient and 
practical in the US than building new refineries. Over the last two years or so, Chevron 
has increased its gasoline production capacity by over 1 million gallons per day (27,000 
barrels per day) through capacity additions at existing refineries. We are currently 
seeking permits to both our Richmond and El Segundo, California refineries for further 
production enhancements and increased reliability. Pembroke, Wales, an existing 
Chevron refinery, already had the ability to manufacture U.S. and California grade 
gasoline without significant modifications and is being used to back up cuirent 
production in case of a major supply disruption as w'cli as potentially supplement future 
production if demand warranted. 
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46) I applaud your emphasis on energy efficiency within your own company. How 
much money do you estimate that you have saved through increasing your energy 
efficiency? 

Answer : Chevron is 21 % more efficient in 2007 than we were in our base year of 1992. 
Chevron spent about $5 Vi billion dollars on energy consumption in 2007. Had we not 
improved and continued at the 1992 efficiency level we would have spent about $7 Vi 
billion in 2007 which is about $2 billion dollars more than we actually spent. 

47) On page 10 of your testimony, you state, “moderate the growing demand for energy 
by increasing efficiency of transportation, residential, commercial and industrial 
users.” What other incentives would you recommend? 

Answer : The statement made on page 10 is in reference to the NPC ReportVs 
recommendation that policies are needed to promote energy efficiency such as the 
following: encourage states to implement and enforce more aggressive energy efficiency 
building codes; establish appliance standards for new products; update federal appliance 
standards on a regular basis; have the DOE conduct and promote research, development, 
demonstration, and deployment of industrial energy efficiency technology and best 
practices; and permanently extend the R&D tax credit to spur private research and 
development investments, 

48) What would you estimate the cost per gallon of gasoline associated with the financial 
sector’s “flight to commodities”? 

Answer : We don’t have the ability to quantify the impact of various factors that influence 
the price of crude oil, including supply and demand, geopolitical instability, commodity 
investments, and tlie devaluation of the dollar. 

The local and global forces of .supply, demand and competition set the price of gasoline. 
The major influence on gasoline price increases in the recent year has been increases in 
the price of crude oil. History has proven that over the longer term, gasoline prices 
generally track the rise and fall of crude oil prices. 

49) You state on page 1 of your testimony,” Chevron is a leading producer of renewable 
energy. We’re the world’s largest producer of geothermal energy.” How many 
people do you employ in your renewable energy division or in other words, how 
many “green collar” workers does Chevron currently employ? 

Answer : Our geothermal business employs over 900 full-time employees (both national 
plus expatriate) in Indonesia and the Philippines. 

In addition, Chevron employs over 500 employees in operations related to energy 
efficiency, and renewable energy development and commercialization. 
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50) On Page 11 of your testimony, you bring up the issue of boutique fuels - you 
mentioned that there are 17 boutique blends across the country. Obviously there 
are some seasonal issues with blends, but what do you think is the appropriate 
approach to or number of boutique fuels? 

Answer : Today we actually have over 17 “boutique” fuel requirements across the 
country, requiring us to blend unique gasoline products for different states and different 
localities. More requirements on fuels are being added through renewable fuel mandates 
and proposed climate policies. For example, we are under a mandate to include rising 
levels of corn-based ethanol in our gasoline products and, over time, add significant 
quantities of cellulosic biofuels. At tlie same time tliat we are accommodating these new 
mandates, policymakers have proposed legislation to reduce greenliouse gas emissions 
that again is disproportionately burdensome on the transportation fuels sector. We urge 
you and your colleagues to reflect on how to advance these important national policies 
witliout inadvertently disrupting our ability to provide the gasoline and transportation 
fuels that the United States needs. Rationalization of these multiple requirements will 
reduce complexity in the .system by creating at least regional -standards so gasoline can 
move across .state boundaries without having to change the formulation, create greater 
efficiencies in the fuel supply distribution system, and enhance the industry’s ability to 
resupply areas during supply disruptions, 

51) Mr. Robertson (Chevron), in your testimony, you say that given the renewable fuels 
standard in the Energy Independence bill. Chevron canceled work on a major 
refinery expansion due to “uncertainty over how much additional U.S. refining 
capacity may be needed to meet future US demand.” But you also note in your 
testimony that demand for oil will continue to remain the same. How can you claim 
that you won’t need this refinery expansion when you also say that “we literally 
need all the energy we can develop?” Why are you using renewable fuels as an 
excuse for not building more refinery capacity? 

Answer : We believe the U.S. refined petroleum market is currently well supplied to meet 
demand. Chevron has a number of projects underway at existing refineries to help 
improve reliability tuid efficiency, and overall performance which will also help meet 
future growth needs. Over the last two years or so. Chevron has increased its gasoline 
production capacity by over 1 million gallons per day through capacity additions. 

Current and planned projects at Chevron refineries in the U.S. are projected to increase 
total gasoline production by about another 800,000 gallons/day. 

Future investments must take into account market forces, market direction, and 
government policies - for example, the renewable fuels program creates uncertainty over 
how much additional petroleum refining capacity will be needed in the U.S. Nonetheless, 
we are investing $2.3 billion this year in our U.S. refining and marketing bu.siness. 
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Responses Submitted by Chevron to Follow-up Questions 
from the April 1, 2008 Hearing by the 
House Select Committee on Energy Independence and Global Warming 

Additionally, it can take years to get the permits even for modernization projects that 
allow our operations to run more reliably and efficiently. For example, such a project at 
our refinery at Richmond, California is currently in the fourth year of the permit 
application process. 

Globally we need all the energy we can develop and the U.S. needs to do its share. To the 
extent that we can reduce the declining rate of oil production in the U.S., we can reduce 
imports of oil. 
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Select Cotnomittee m Energy 
rndepead^we end Global Wanning 
U.S. l^^use of Bii^ri^saEitatives 
B243 Longwc^ House Office Butldtng 
Wasbln^cHi, DC 20S15 


FacstmOe Ddivei^ 

202 225 0093 

Tile Honcffiabk F. Jams Seosentamir 
Raiddag Memter 
Select Committee on 
Ccdependence and Global Warming 
U.S. House of Representatives 
H2-344 Ford Ifouse Office Building 
Wsshmgtoo, DC 20515 


1 write in order to {aovids an additiona] rei^xMise to Chahman Mai1CQ'*s letter to I^vid O’Reilly of 
September 12, 2(K}8 rr^arding the OfBcc of LkSpectcor Genoral for the Department of the interic^ reports 
related to the Miocrals Management Service. Ilus response supplemeats dte infonnation provided in my 
September 17, 2008 letter to the Select Committee. 

Response to QacetioB 5 in Cbalnum Marhey's letter. Based on a thorou^ review of emr intmuij 
lobl^ng reccH^ Chevron’s esq^enditmes fixm January 2002 dirou^ December 2(K)6 &i lobbying die 
U.S. Deqaaitment of hiteiior and other administration employees or officials coruseming the Royalty in 
Kind program totaled no more than Sl$,919.00. 

Tltese expenses are entrrely attrilHitable to ^ i^^proxhnate salary and besmjSts {raid to one fbmmr 
e^^}iqyee located in Texes who trad no direct lol^iyiag contacts with the U.S. of 

intonOT or any oiher adminwttation cnqiloyees or officials concerning the Royal^ in Kind 
Chevron ilid iiicur any meal, entertainmeat or tzsi«l mqranscs in connaotion with lobbying die RoyiUty 
is Kind program. 


Sincsely, 



Lisa B. 
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John E. Lowe 
Executive Vice Prosident 
Exploration & Production 


ConocoPhillips 


Petroieum 3020 

600 North Dairy Ashford (77079-1 1 75) 
RO. Box 2197 
Houston, TX 77252-2197 
phone 281.293.2281 


June 26, 2008 


The Honorable Edward J. Markey 

Chairman, the Select Committee on Energy Independence and Global Warming 
U.S. House of Representatives 
Longworth House Office Building 
Washington, D.C. 20515 

Dear Representative Markey: 

I am attaching our company’s responses to the written questions from members of 
the Select Committee on Energy Independence and Global warming forwarded to us 
from your staff on June 3, 2008. We appreciate you extending the response 
deadline to June 26, 2008 as it allowed us to spend the time required to address 
some of the more complex questions. 

Please direct any further questions on this response to Jeff Reamy, in our 
Washington, D.C. office. His telephone number is (202) 833-0922. 

We appreciate the opportunity to share our views on the energy security challenges 
that the U.S. is facing and what our beliefs on what this nation needs to do about it. 
We look forward to further dialogue with your committee on this important topic. 


Sincerely, 
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Questions from Select Committee on Energy Independence and Global 

Warming 


1) How much did your company invest in renewable energy technologies by year and by 
project over the last 10 years? 

Several government forecasts show that fossil fuels will still be meeting about 80 percent of 
the world’s energy needs in 2030. ConocoPhillips invested $57 billion between 2003 and 
2007 in developing new conventional, unconventional and alternative energy supplies as we 
will need all of these sources to satisfy energy demand. That figure represents a reinvestment 
rate on average of 106 percent of net income over this time period. 

The proportion of capital devoted to alternative energy investments seems .small only because 
of the vast scale of our existing oil and natural gas businesses. Our objective is to develop 
new technologies that can compete with conventional hydrocarbons and reduce their carbon 
footprint. If we advance the technologies as planned, this could lead to multi-billion dollar 
projects. 

Over the last five yeai's, ConocoPhillips has invested nearly $700 million in alternative 
energy technology, with over $200 million on the renewable portion. Reliable data is not 
available prior to the merger between Conoco Inc. and Phillips Petroleum Company. 


CTL/GTL 
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29 
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58 

2005 

39 

2006 

25 

2007 

24 
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26 

35 

46 

41 

Other Technology 

50 

66 

§1 

T1 

as 

Total 
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$140 
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We are engaged in a substantial amount of activity in the alternative energy arena and we 
summarize it below: 

Renewable energy - ConocoPhillips is already a large blender of conventional ethanol in the 
United States. As the nation’s second-largest refiner and fuels producer, during 2007 our 
marketers in the United States sold about 425 million gallons of ethanol, equivalent to a 
nationwide blend rate of 4.7 percent. Approximately 55 percent of our gasoline sales contain 
ethanol. Additionally, we are rapidly expanding our U.S, ethanol blending capabilities. Since 
2005, we spent $55 million on ethanol blending facilities at our terminals. We now have 
capability to blend ethanol at 120 terminals (including proprietary and third-party terminals) 
and are evaluating additional expansions. We are selectively adding biodiesel blending 
capabilities, although this fuel is currently priced higher than petToleum-ba.sed diesel fuel, 
and the economics of blending are challenged. 
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E-85 fuel is being marketed under our branded canopy in a number of states with over 2,500 
potential sites, provided the marketer meets certain image, safety and fuel-quality guidelines. 
Biodiesel is also being test marketed under our branded canopy, with under-the-canopy sales 
of unbranded B1 1 in Illinois and of branded B5 in certain farm states, again provided that the 
marketer meets specific image, safety and fuel-quality guidelines. Over 800 branded sites 
could potentially pilot market biodiesel in certain states. 

The company is also engaged in the development and production of new biofuels that have a 
better environmental footprint than existing somces. We currently produce renewable diesel 
file! at our Whitegate refinery in Ireland using vegetable oils as a feedstock, and are test 
manufacturing the process at the Borger refinery (a joint venture with EnCana) in Texas as 
part of our arrangement with Tyson Foods to utilize by-product animal fat ^ a feedstock. 

The technology is performing well, but the economics are threatened by rising raw material 
costs and the prospective loss of federal tax credits that are available to competing biomass- 
based diesel fuels. 

ConocoPhillips conducts or funds internal and external research on new biomass fuels and 
has a joint development agreement with Archer Daniels Midland to develop fuels from 
agricidtural waste. We have a major relationship with Iowa State University to research all 
phases of biofuels, and are a founding member of the Colorado Center for Biorefining and 
Biofuels, a cooperative research and educational center devoted to the conversion of 
biomass-to-fuels and other products. 

Further, ConocoPhillips has created an internal group dedicated to evaluating opportunities to 
invest in solar, wind and geothermal power projects. 

Alternative automotive technology - ConocoPhillips has participated in the FreedomCAR 
and Fuel Partnership with the U.S. Department of Energy, automobile manufacturers and 
other fuel providers since 2003. We are also working to facilitate wider use of electric 
vehicles by developing high-performance materials for lithium-ion batteries, a critical 
component in these vehicles. 

Gasification - ConocoPhillips’ E-Gas™ technology is a leading, commercially proven 
gasification technique. We are developing projects based on this technology and licensing it 
to others to utilize in producing synthetic natural gas, electrical power and a variety of 
chemicals. We are actively conducting feasibility studies on two gasification projects for 
equity participation. The first one is in conjunction with Peabody Energy in Kentucky, which 
would use the ConocoPhillips proprietary E-Gas™ technology to produce syngas from a 
blend of coal and petroleum coke (approximately 10,000 tons per day), which would then be 
converted into pipeline quality methane (natural gas, 50-70 billion cubic feet per year). The 
second project is at the ConocoPhillips Sweeny refinery in the Texas Gulf Coast. This project 
plans to produce syngas from refinery-sourced petroleum coke (about 5000 tons per day) for 
use in the associated cogeneration power plant, or in producing methane and hydrogen. 

These will be among the largest coal or coke-fueled gasification facilities in the world and 
could both be operational in the 20 1 4-201 6 timeframe if the studies prove them to be 
economically viable. The total expected gross capital costs are estimated at up to $7 billion. 
Options for carbon capture and sequestration are being evaluated for both of these projects. 
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Heavy oil and unconventional oil and natural gas - ConocoPhillips is presently imdertaking 
significant research to improve tire recovery of heavy oil and unconventional oil, such as oil 
shale, and improve energy efficiency throughout the production, transportation and 
processing value chain. We are also undertaking research and development focused on 
reducing their environmental footprint in terms of greenhouse gas emissions, vrater and land 
use. 

Other focus areas for our research and development efforts include improving recovery of 
challenged natural gas and developing methods to commercially produce methane hydrates. 

Carbon dioxide capture and storage and water usage - ConocoPhillips believes that 
development of carbon capture and storage (CCS) technology is essentia! in that it will 
improve the environmental sustainability and acceptability of available fossil fuel resources. 
The company funds internal research as well as university research programs in the United 
States, Canada, Australia, Norway and the United Kingdom that are investigating CCS 
technology and how it can be customized to meet our industry’s needs and the needs of oru 
specific sites. We are in the planning phases for selecting several possible CCS sites in the 
United States and other countries. 

ConocoPhi llips believes that reducing the footprint of energy production operations on water 
resources will help improve the sustainability of both conventional and alternative energy 
sources. We are measuring our freshwater usage and developing detailed water assessments 
of selected business units, bringing greater focus to water management as a fundamental 
component of business planning. In addition to technology work underway in our existing 
Oklahoma laboratories, in cooperation with General Electiic, we recently announced the 
establishment of the Qatar Water Sustainability Center, with the long-term vision that it will 
become a corporate center of excellence for water-related technologies. 


2) How much does your company plan on investing in renewable energy technologies by 
year in coming years? 

The ConocoPhillips cument long range plan includes SI 00-$ 150 million per year for 
renewables and a total technology budget of approximately $500 million per year. 

ConocoPhillips is already a large blender of conventional ethanol in the United States. As the 
nation’s second-largest refiner and fuels producer, during 2007 our marketers in the United 
States sold about 425 million gallons of ethanol, equivalent to a nationwide blend rate of 4.7 
percent. Approximately 55 percent of our gasoline sales contain ethanol. Additionally, we are 
rapidly expanding our U.S. ethanol blending capabilities. Since 2005, we spent $55 million 
on ethanol blending facilities at our terminals. We now have capability to blend ethanol at 
120 terminals (including proprietary and third-party terminals) and are evaluating additional 
expansions. We are selectively adding biodiesel blending capabilities, although this fuel is 
currently priced higher than petroleum-based diesel fuel, and the economics of blending are 
challenged. 
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E-85 fuel is being marketed under our branded canopy in a number of states with over 2,500 
potential sites, provided the marketer meets certain image, safety and fuel-quality guidelines. 
Biodiesel is also being test marketed tinder our branded canopy, with under-the-canopy sales 
of unbranded B1 1 in Illinois and of branded B5 in certain farm states, again provided that the 
marketer meets specific image, safety and fuel-quality guidelines. Over 800 branded sites 
could potentially pilot market biodiesel in certain states. 

The company is also engaged in the development and production of new biofuels that have a 
better environmental footprint than existing sources. We currently produce renewable diesel 
fuel at our Whitegate refinery in Ireland using vegetable oils as a feedstock, and are test 
manufacturing the process at the Borger refinery (a joint venture-owned facility with 
EnCana) in Texas as part of our arrangement with Tyson Foods to utilize by-product animal 
fat as a feedstock. The technology is performing well, but the economics are threatened by 
rising raw material costs and the prospective loss of federal tax credits that are available to 
competing biomass-based diesel fuels. 

ConocoPhillips conducts or funds internal and external research on new biomass fuels and 
has a joint development agreement with Archer Daniels Midland to develop fuels from 
agricultural waste. We have a major relationship with Iowa State University to research all 
phases of biofuels, and are a founding member of the Colorado Center for Biorefining and 
Biofuels, a cooperative research and educational center devoted to the conversion of biomass 
to fuels and other products. 

Further, ConocoPhillips has created an internal group dedicated to evaluating opportunities to 
invest in solar, wind and geothermal power projects. 


3) Based on the fundamentals of supply and demand, what does your company estimate 
the price of oil should be were it not for speculation, and other factors? Mr. Simon 
from ExxonMobil testified that their analysis of fundamental supply and demand 
suggests a price of oil in the S50-55 range, and prices above that figure are due to 
speculation, weakening dollar and geopolitical stability. Do you agree or disagree with 
that analysis? 

'fhe price of crude oil is set in the free market. It is not possible for anyone to know what 
crude oil prices “should be” in an unregulated market or “would be” under a specified set of 
conditions. 

In a fiee and competitive market, long-term oil prices will settle at a level sufficient to 
provide incremental supply needed to satisfy demand. We believe that the marginal reserve 
replacement cost today is higher than the range indicated above. Some financial analysts 
believe it is currently at least $85 to $90 per barrel and that it is continuing to rise. In the 
short-term, other market influences can result in temporary prices above or below the long- 
term “equilibrium” level. 


4 



266 


One of the major reasons for high marginal replacement costs is that major energy companies 
such as ConocoPhillips have direct access to only 7 percent of the world’s oil and natural gas 
resources, down from 85 percent in the 1960s. We ate being forced to develop resources that 
are in very mature and / or high cost areas or are technologically challenging (e.g., deep 
water, high sulfur natural gas, heavy oil). Congress can help reduce long-term reserves 
replacement cost by opening up new areas in the U.S. with lower oo.st structures than what 
we are developing today. 


4) What percentage of the current price of oil is a result of speculation? 

We believe some investors are diversifying financial risks in their stock and bond portfolios 
by investing in crude oil and other commodity futures but we have no way of quantifying 
how much, if any, impact they are having on the price. 

The underlying cause of most of the price increase, however, is that oil supply growth is 
challenged in the face of significant demand growth in developing countries. Much of this 
grovrth is occurring in countries where prices are subsidized to the consumer, thus distorting 
normal market signals. One of the primary reasons for the supply dynamic is that major 
energy companies such as ConocoPhillips have direct access to only 7 percent of the world’s 
oil and natural gas resources, down from 85 percent in the 1960s. If U.S. policymakers want 
to increase supply availability, they should improve access to resources in the United States 
and encourage other nations to adopt similar policies. 


5) How much did your company invest last year in emerging energy technologies in North 
America and what types of technologies would that include? 

In 2007, ConocoPhillips invested about $150 million in emerging energy technologies in 
North America, including biofuels, coal-to-liquids, hydrogen and other technologies. 
However, it is important to understand that we are also making major investments in cutting 
edge technology in the production of oil and natural gas. Given the maturity of existing 
basins and restricted resource access, we have to develop increasingly complex 
unconventional oil and natural gas deposits that may have low recovery rates relative to 
conventional hydrocarbons and we have to move into deeper water. An enormous amount of 
new technology is needed to accommodate this shift and improve recovery rates. Refineries 
also need technology to enable them to process these unconventional crude oils and convert 
them to clean refined products. ConocoPhillips’ overall technology spend between 2003 and 
2007 was $1.3 billion in the United States alone. 
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6 ) In 2030, what percentage of global energy demand will be met by fossil fuels? 

According to the International Energy Agency (lEA), fossil fuels will meet 82 percent of 
global oil demand in 2030. In their alternative scenario that assumes aggressive 
implementation of efficiency and alternative energy technology to stabilize carbon dioxide 
emissions at a level of 450 parts per million, they project that fossil fuels will still be needed 
to meet Iwo-thirds of world energy demand. This projection demonstrates how difficult it 
will be to replace fossil fuels at the scale needed to completely satisfy the world’s energy 
needs. That is why we believe it is important for government policy to promote energy 
efficiency and the development of all available energy sources, including fossil fuel sources, 


7) Do you think that it is important as an energy security issue, to use more of the US 
reserves of oil and natural gas? What are the best policies to assure our energy 
independence? 

Using more of our national oil and natural gas resources will improve the nation’s energy 
security and provide employment opportunities for American workers. We can best ensure 
our energy security by diversifying our sources of energy, promoting energy efficiency and 
encouraging energy innovation, all in an environmentally responsible manner. 

The Federal government is presently leasing only a small percentage of its holdings both 
onshore and offshore for oil and gas development. Of the 700 million acres of federal 
onshore energy lands, only 6 percent (44 million acres) is currently under lease for oil and 
gas development. In addition, the Federal government owns 1.7 billion acres of land in the 
Outer Continental Shelf and less than 3 percent is being leased for oil and gas production. 

The onshore and offshore areas in the U.S. that are currently off limits to exploration and 
production are estimated to hold 80 billion barrels of recoverable oil and natural gas 
equivalent - enough to double current U.S. reserves. The U.S, also has considerable 
resotiroes in unconventional oil and natural gas (e.g., shale oil). Additional domestic 
production from both sources would reduce our dependence on imports, increase our energy 
security and, by improving the global supply and demand balance, reduce upward pressure 
on global oil and natural gas prices. 

Using more domestic resources would also improve the nation’s economic security. The $11 
trillion-dollar market value of these potential resources at current oil prices could be fai' 
better utilized at home to gainfully employ thousands of Americans, rather than be 
transferred to other countries to pay for oil imports. 

The federal drilling moratoria on non-sensitive lands and the Outer Continental Shelf should 
be suspended and drilling allowed under prudent environmental oversight. Industry 
technology and operating practices have made quantum leaps in the years since these 
moratoria were enacted. Our national vulnerability no longer allows the luxury of ignoring so 
much energy potential. 
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Additional policies that are needed to improve U.S. energy security are: 

® Promoting the building or expansion of critical energy infrastructure (e.g., refineries, 
pipelines, etc.) in the U.S., which is often stymied by federal, state and local 
permitting issues, 

® Optimizing biofuels production, with policies that are technology and feedstock 
neutral, and that eliminate the tariff on imported ethanol, 

® Encouraging alternative and unconventional sources, 

» Improving energy efficiency 
» Promoting nuclear energy development, and 
® Encoui'aging technology innovation. 


8) What percentage of your stock is owned by pension plans and retirement accounts? 

About 6 percent of ConocoPhillips’ shares are owned and managed directly by pension plans 
and retirement accounts. In addition, approximately 80 percent of ConocoPhillips’ shares 
outstanding are held and managed by a large number of investment advisors on behalf of 
millions of Americans through their pension plans, retirement accounts, hedge funds, banks, 
trusts and other entities. These shares are held in a significant number of different funds tliat 
represent a large variety of investment styles and market exposures. Awhile a large portion of 
this investment is tied to pension funds and retirement accounts, we are not able to determine 
the precise ownership. 


9) Do you support the use of coa!-to-Iiquids as an alternative to traditional petroleum? If 
not, why not? As a follow up, wouldn’t the use of coal-to-liquids significantly increase 
our domestic supply of fuel? 

We support the development of the coal-to-liquids (CTL) industry in the United States as a 
way to increase our energy security by supplementing current supplies of petroleum-derived 
transportation fuels, such as diesel, jet fuel, and gasoline. CTL technologies are technically 
viable, but they have yet to become commercially viable in the U.S. due to high project 
development costs. 

The United States has vast coal resources and CTL could potentially make a moderate 
contribution to the countiy's fuel needs. However, the sheer size and scale of the investment 
and the development of a solution to reduce the carbon footprint (carbon capture and 
sequestration) will take time. 

Currently the United States consumes approximately 1 4 million barrels per day of 
transportation fuel derived from petroleum crude oil, so it would take many years, perhaps 
several decades, before the CTL industry could develop enough commercial-scale plants to 
even partially offset our current consumption. We should also mention that coal gasification 
(the conversion of coal to methane or hydrogen), which is the front end of the CTL process, 
can be achieved at a much lower capital cost and is therefore likely to be commercialized 
sooner than coai-to-liquids. 
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It is important to note that coal, like oil, is a globally traded commodity that has also been 
experiencing strong price increases in the last year due to strong demand outside the United 
States. The price of Appalachian coal sold on the New York Mercantile Exchange more than 
tripled since the beginning of 2007.* 


10) How much bio-fuel and ethanol do you think realistically can be substituted for 
traditional petroleum? 

We believe that with the current and projected suite of available technologies and crop yields 
that a substitution of 10 percent (15-17 billion gallons per year or 1. 0-1.1 million barrels per 
day) of transportation fuels by 20 1 5 is feasible, but may not be prudent given the limitations 
of corn-based ethanol. Market penetrations beyond that level will require substantial 
breakthroughs in crop types and yields and conversion technologies. Penetration beyond 10 
percent will also require relief of infrastructure constraints and technology development 
ranging from biomass gathering and transportation, conversion, biofuel distribution, blending 
and retailing to the vehicle fleet. Only about 3 percent of the present vehicle fleet can use fuel 
blends above 10 percent today. 

The supply of corn-based ethanol may be impacted by other factors, such as weather 
conditions, adding to the uncertainty of supply as evidenced by this year’s impact of the 
Midwest floods and poor growing conditions. There is risk even in “home grown” supplies. 
Supply diversity is the only real path to supply security. 


11) Are you involved in developing production in Canada’s oil sands or Western oil shale? 
Do you believe those alternatives will become more viable if the price of oil continues to 
rise? 

ConocoPhillips has a leading land position in the Canadian Athabasca oil sands and is 
actively investing to produce this oil, and then transport it to the United States for processing 
at our U.S. refineries. We have access to over 15 billion barrels of net potential oil resources, 
and plans are in place to increase our net production to about 400,000 barrels per day over 
the next decade. In 2008 alone, we are spending $900 million in development capital on the 
Canadian oil sands. 

The Canadian oil sands are a safe and secure source of energy, and we should ensure they are 
not excluded from the United States where they could provide about 20 percent of U.S. oil 
supply by 2020. Increases in the price of oil, together vrith technological improvements, will 
likely make additional volumes of resources commercially available. These resources may be 
drawn to other markets outside of North America if U.S. federal or state policies discourage 
their development. U.S. refineries are configured to process heavier, high sulfur crude oils, 
and with the decline in production of these types of crude oils (both in the U.S. and Latin 
America), the Canadian heavy crude oils are a very good fit to keep the U.S, crude supply 
secure and stable. 


‘ Price ofNYMEX Columbia Appalachia coal was $39.75 per ton in January 2007 and the current price is $131.13 
per ton 



270 


The processes required to produce Canadian oil sands and oil shale are energy-intensive, 
such that higher energy prices also increase the cost of producing these hydrocarbons. Thus, 
the increase in revenues is tempered by an increase in production costs in a higher price 
environment. The economics of these energy sources can be improved through advances in 
technology to improve recovery rates and lower the energy intensity. ConocoPhillips is 
spending significantly on technology to improve oil sands output and reduce energy usage. 

The resource opportunity for oil shale is very large, with more than two-thirds of the world’s 
oil shale located in the United States. A key challenge is that oil shale contains kerogen 
rather than oil. Kerogen is a partially decomposed algal material which requires high 
pressures and temperatures to complete the process of converting this matter into oil. This 
can be done in the ground (in situ) or at the surface, by mining and then retorting the material. 
The process of mining and retorting has been commercially proven in Brazil at a small-scale 
facility. The process is transferable, but has a number of environmental and scale-up issues 
which would need to be addressed before a development could be considered. At this time, 
no commercially viable in situ technologies have been developed. Development and 
production are likely to be higher cost than oil sands, which has had the benefit of many 
years of experience to reduce costs. ConocoPhillips holds a significant oil shale acreage 
position in Colorado's Piceance Basin and Utah's Uinta Basin. 


12) The American Jobs Creation Act provides a tax credit of up to Sl.OO per gallon for the 
sale and use of "agri-biodiesel" — biodiesel from virgin agricultural products. The 
credit is $0.50 per gallon for biodiesel from recycled grease. In addition, the law 
provides an excise tax credit for biodiesel blends (i.e., biodiesel and conventional diesel). 
Producers are eligible for one credit or the other, but not both. The Energy Policy Act 
of 2005 extends these credits through 2008. Do you support making these credits 
permanent? Do you support increasing these credits? 

We do not support increasing these credits and believe they should be available for a finite 
period of time to encourage innovation, provide a level playing field for all participants, and 
encoiuage any necessary infrastructure development. As Congress contemplate.? how to 
encourage continued growth of renewable fuels, care must be taken not to pre-select a 
favored feedstock and/or technology. Sound public policy should be feedstock and 
technology neutral. After a period of time, these biofuels should compete in the open market, 
and the market should determine which biofuels are sustainable. 


13) Do you support suspending or reducing the number of “boutique fuel mixes” that each 
state mandates in order to reduce gas prices in the near future? 

“Boutique fuel mixes” that are designated at the state or local level prevent the transfer of 
fuels from one region to another in the event of logistical or operational challenges. This 
causes shortages and price spikes. This problem is currently being exacerbated by the 
development of “boutique biofuels mixes.” Congress could alleviate these problems by 
setting uniform national fuel requirements. 
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Another concern is the potential for overlapping fuel policies. For example, we hear that 
policies are being considered to add a national low-carbon fuel standard on top of the 
existing low-carbon renewable fuel standard. TTie overlap between these programs would 
further confound the overlap of state fuels programs. If the United States continues to overly 
constrain its production and supply systems, the result will likely be higher fuel costs and 
possibly even supply outages. 


14) Do you believe that the Energy Independence and Security Act of 2007 went far enough 
to access US oil and natural gas resources? 

The Energy Independence and Security Act of 2007 dealt with the demand side of the energy 
equation (for example, automobile fuel economy and energy efficiency in public buildings 
and lighting). It also focused on increasing the use of renewable fuels, which could not likely 
replace more than 10 percent of conventional fuels -with current technologies and 
infrastructure. The bill did not allow for greater access to U.S. oil and gas resources; it did 
nothing to address the need for additional conventional energy production, which will supply 
most of oil and natural gas demand for the foreseeable future. The Federal government could 
improve our energy security significantly by removing impediments to these sources of 
potential energy. 


IS) Are you actively pursuing carbon sequestration and Enhanced Oil Recovery in your oil 
fields and has that work been successful? What more needs to be done in this area? 

ConocoPhillips believes that development of carbon captoe and storage (CCS) technology is 
essential as, according to projections, fossil fuels will continue to be a major source of energy 
for years to come. To help ensure that we have adequate supplies of energy, ConocoPhillips 
utilizes Enhanced Oil Recovery (EOR) techniques across a number of our operations and is 
actively pursuing potential applications of EOR across much of our oil and gas portfolio. 

Carbon capture and storage 

The company funds internal as well as university research in the United States, Canada, 
Australia, Norway and the United Kingdom that is investigating CCS technology and how it 
can be customized to meet our industry’s needs and the needs of our specific sites. 

We are in the planning phases for selecting several possible CCS sites in the United States 
and other countries. To facilitate this effort, we have allocated funding and personnel in the 
geosciences, reservoir engineering and other specialties to analyze seismic and engineering 
data to select the most appropriate sites and develop understanding of the basin containment 
mechanisms and optimum storage sizes. 
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ConocoPhillips is also engaged in a number of research projects with the U.S. Department of 
Energy (DOE). For example, we have commenced test drilling and will soon inject CO 2 into 
a major coal-bed methane formation in the San Juan Basin. We are a partner in the COj 
Capture Project, a research consortium operated and funded by eight major energy 
companies, the European Union, Norway, and DOE, conducting more than $60 million in 
research projects to develop understanding of surface capture, subsurface storage 
applications, and methods to monitor and verify storage. 

Widespread deployment of CCS will require national legislation that establishes a value for 
carbon emissions, supports technology research and development, provides incentives for 
early movers, and creates a regulatory and legal framework that provides the certainty 
necessary for long-term investment while letting market forces drive the most cost-efficient 
and environmentally effective CCS solutions. Our response to question #49 provides greater 
detail about what needs to be done in this area. 

Enhanced oil recovery 

Increasing the amount of hydrocarbons extracted from our existing fields using EOR is a 
primary focus for ConocoPhillips, especially given the resource access constraints we face 
both domestically and globally. The company currently operates and oversees some of the 
largest gas-based EOR processes in the world on the North Slope of Alaska, including 
projects in the Prudhoe Bay, Kuparuk, Point McIntyre, Alpine and Tam oil fields. The 
projects are currently delivering many tens of thousands of barrels of oil per day into the 
market. Ultimately, the projects will yield a combined total of nearly a billion barrels of oil 
over their full life cycle, each of which is several decades long. We also have EOR projects 
in the Permian Basin, San Juan Basin (New Mexico/Colorado), Wind River Basin 
(Wyoming), Williston Basin (Montana and North Dakota), Gulf of Mexico and the North 
Sea. Higher oil prices have enabled us to increase the application of EOR, and we are looking 
for opportunities to use EOR to re-activate previously shut-in wells that had passed their 
economic production limit. The Permian Basin in West Texas is a place where we are having 
good success with this type of activity. 

By definition, the oil recovered by EOR processes is that which is left behind by 
conventional methods. ThivS requires significant capital investment for additional 
infrastructure required, which could include additional wells, pipelines, high pressure 
compression facilities, metering etc. Consequently, EOR projects are more costly on a per 
barrel basis than conventional projects. Maintenance of the EOR Tax Credit program is 
important to our continued piloting and development efforts. 
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16) What is a ballpark figure of how much your company pays in taxes each year? 

ConocoPhillips paid an estimated $14 billion in taxes during 2007, which was greater than 
our net income. This does not even include royalties and lease bonuses the company also 
pays to governments. When you take all these other forms of government payment into 
account, our effective tax rates are much higher. For example, our incremental fiscal-take 
rate^ in Alaska is about 90 percent at recent oil prices. 


17) A couple of you mentioned the National Petroleum Council report “Facing the Hard 
Truths about Energy” do any of you disagree with the findings of that report? 

The National Petroleum Council (NPC) conducted a comprehensive study considering the 
future of oil and gas to 2030 in the context of the global energy system. The study included 
an integrated view of supply, demand, technology and geopolitics, and of policy options 
viewed through economic, security, and environmental lenses. The study also included more 
than 350 participants from diverse backgroimds and organizations and a dialogue with more 
than 1,000 persons and groups actively involved in energy. We agree with the NPC's 
conclusion that given the massive scale of the global energy system and long lead-times 
necessary to make material changes, actions must be initiated now and sustained over the 
long term. We further agree that over the next 25 years, coal, oil and natural gas will remain 
indispensable to meeting total projected energy demand growth and that expansion of all 
economic energy sources will be required, including coal, nuclear, biomass, other renewables 
and unconventional oil and natural gas resources. 


18) Several of you mentioned the increasing cost of materials, difficulty in finding labor and 
specifically difficulty in finding engineers and scientists in oil and gas development. 
What policies do you think would help get the materials and people that you need? 

One of the more important predictors for the future supply of potential employees in the oil 
and natural gas industry is the number of students earning university degrees in petroleum 
engineering and geo.soiences. Enrollment in these programs has dropped by about 75 percent 
over the last quarter century. 

While the United States has traditionally been a leader in technology, our lead is slipping. 

The chart on the next page shows that the number of engineering degrees earned in the U.S, 
has leveled off, while it is growing rapidly in China. 


’ The amount of an incremental dollar in revenue that is paid to the government (state and federal) in the form of 
production taxes, royalties, federal and state income taxes and any other taxes; incremental rate in Alaska is 90% at 
$n5/bbl oil price 
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Engineering Degrees Earned 



Source: National Science Foundation, Science & Engineering tndicators 200d 


A national commitment to support technical education is needed. We need better curriculum 
in math and sciences, as well as energy, in Elementary School through High School 
programs. We need more college students majoring in engineering, geology, geophysics and 
the other technical disciplines. We also need better secondary education to prepare them. A 
technical workforce is needed for the development of unconventional and alternative supplies 
as well as for developing conventional hydrocarbons. Specific policies that would support 
technical education include: 

• Provide scholarships to those seeking engineering and other technical degrees, both 
undergraduate and graduate, 

• Increase research funding at universities and support for technical schools, and 

• Encourage the development of curriculum focusing on math, science and energy for 
kindergarten through grade 12. 

We also need to be able to access technical talent from other parts of the world. The graphic 
on the next page indicates that Asia has a surplus of graduates with petrotechnical skills, 
while North America has a deficit. Our policies need to allow the immigration of trained 
professionals in energy and technical fields. Government policy can support the U.S. 
obtaining the technical talent it needs by increasing immigration quotas for trained 
professionals in energy and technical fields. 
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Technical Graduate Imbalance 



Source; National Petroleum Coundl, Global Oil and Gaa Study, 2007 


We also believe that relaxation of immigration policy directed specifically towards craft 
labor such as boilermakers, insulators, equipment operators, electricians, pipe fitters, sheet 
metal workers, etc., will immediately help reduce costs. 


19) Is there something in the manufacturing sector that we need to do to help insure that 
you get the supplies that you need? 

There are near-term as well as long-term actions that can be undertaken in order to help U.S. 
manufacturing and to relieve some of the supply constraints facing the industry. 

A near-term action that would help is streamlined permitting and efficient regulatory 
compliance processes for constructing or expanding energy infirastructure, which would 
enable earlier procurement of long-lead time materials. 

With respect to long-term solutions, we would recommend completing an “energy 
infrastructure study” recommended by the 2007 National Petroleum Council (NPC) study 
“Facing the Hard Truths about Energy.” This study would help evaluate the global 
requirements for infiastructure needed to meet our energy demand. The findings can then be 
used as an input to a National Association of Manufactures (NAM) or another 
agency/organization for what it would take to manufacture the infrastructure components 
required by the energy industry. Such a study would benefit our procurement planning efforts 
because of an improved visibility of aggregated demand. 
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Another long-term solution would be for the federal government to fund and integrate next 
generation science, engineering and productivity-enhancing technologies in manufacturing 
processes. Major technologies of promise could include semiconductors, materials science, 
network communications, biotechnology and naho-technology. Initial funding of basic 
science by the government followed by technology commercialization investment in applied 
R&D by the private sector would be very helpful. 

Another long-term solution would be to lower the cost of manufecturing in the United States. 
Higher energy costs contribute to the higher costs of manufacturing, although they are 
probably not the primary cause for most industries. Enacting a policy that helps expand 
domestic production and distribution of clean-burning natural gas will substantially reduce 
the cost in manufacturing sectors. 


20) The International Energy Agency estimates that $22 trillion - in new energy 
investments will be needed by 2030. Where would that money come from? 

Most of that money will come ftom energy companies reinvesting their earnings. Thus, it is 
important to avoid tax or other policies that reduce companies’ ability to invest in new 
energy supplies. Global capital markets can supply the needed capital if restraints or 
impediments, such as restricted resource access or high tax rates, are not placed on the 
investments and returns. 


21) What would be required to get biofuels to a commercial scale that they could replace oil 
in the United States? 

It is unlikely that biofuels will be sufficient in scale to replace petroleum as the primary 
transportation fuel unless transportation fuel demand is dramatically reduced in ways that are 
not yet possible, for example by moving away from the internal combustion engine. The 
most optimistic study^ showed the potential of a 30 percent replacement of transportation 
fuels. Biofuels should be seen as an extender to petroleum liquid fuels, not a replacement. 

It would also be helpful if the U.S. could better compete for imports of biofuels. We believe 
tliat our nation should eliminate the current 54-cent-per-gallon tariff on imported ethanol If 
the nation is concerned about reducing fuel costs and carbon emissions, policies and taxes 
that discourage lower-cost and less carbon-intensive imports, such as sugar-based ethanol 
from Brazil, are counter-productive. 


^ USDA/DOE, “Biomass as a feedstock for Biomass and Bioproducts Industrj': The Technical Feasibility of a 
Billion Ton Annual Supply” 
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22) In your testimony, several of you point to speculation as a contributing cause of high 
crude oil prices. I have introduced legislation, the Prevent Unfair Manipulation of 
Prices (PUMP) Act (HR 594), which would improve oversight of “dark markets” which 
are currently unregulated by the Commodity Futures Trading Commission. In our 
December 2007 Oversight and Investigation Subcommittee hearing, we heard testimony 
that this could reduce the cost of oil by $30 a barrel. Do you believe that speculation in 
the market is driving up the price of oil? Would you support this legislation? 

We believe some investors are diversifying financial risks in their stock and bond portfolios 
by investing in crude oil and other commodity futures but we have no way of quantifying 
how much, if any, impact they are having on the price. 

We support legislation that ensures regulatory bodies have the resources and information to 
execute their responsibilities in a way that does not impair the ability of the market to 
function in a free and open manner. In other words, we support legislation that 
increases transparency as long as it maintains liquidity and passes a costbenefit test, 

How'ever, the underlying cause of most of the price increase is that oil supply growth is 
challenged in the face of significant demand growth in developing countries. One of the 
primary reasons for this dynamic is that major energy companies such as ConocoPhillips 
have direct access to only 7 percent of the world’s oil and natural gas resources, down from 
85 percent in the 1960s. If U.S. policymakers want to increase supply availability and 
decrease dependence on foreign sources of energy, they should improve access to resources 
in the United States. 


23) What is the average number of barrels of oil your companies trade each day on 
NYMEX? On the InterContinental Exchange? 

ConocoPhillips is a commercial participant in the crude futures market. We do not believe 
our futures market transactions have any net effect on the price of oil. Our participation in the 
futures market is typically intended to offset the price risk associated with physical purchase 
and sale of crude oil required to run our refineries and supply consumers. 

ConocoPhillips measured the number of New York Mercantile Exchange (NYMEX) West 
Texas Intermediate (WTI), and IntercontinentalExchange (ICE) WTI and Brent contracte 
transacted by the Company between March 1 , 2008 and May 30, 2008. An average of 
approximately 2.0 million bands per day was purchased and 2.0 million banels per day was 
sold in NYMEX WTI futures contracts during tliat period. An average of approximately 1 . 1 
million barrels per day was purchased and 1.2 million banels per day were sold in ICE WTI 
and Brent contracts during that period. For comparison piuposes, a total of 527.0 million 
baixels of WTI were traded by all market participants in the NYMEX WTI contract on May 
30, 2008. Likewise, all participants traded 256.7 million banels of WTI on ICE on May 30, 
2008. 
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We purchase NYMEX WTI futures and exchange those contracts for physically-delivered 
crude oil at Cushing, Oklahoma. That crude oil is either transported directly to our refineries 
or traded with other counterparties in exchange for the grades of crude oil (West Texas Sour, 
Mars, Heavy Louisiana Sweet, Light Louisiana Sweet, San Joaquin Valley Heavy Sour, 
Canadian import crude oils and others) that better fit our refinery requirements. We also use 
the futures contracts to convert fixed price risk in our physical crude oil purchases and sales 
to ratable market average pricing (such as in the case of fixed pricing associated with cargoes 
of crude oil). Futures contracts are also useful in managing the timing and location risks 
inherent in acquisition and transportation of crude oil, as well as the commodity price spread 
risks between various grades of crude oils and between crude oil and refined products. 


24) During the April 1, 2008 hearing, you each spent most of your time complaining about 
taxes, specifically that the Renewable Energy and Energy Conservation Tax Act (H.M, 
5351) passed by the House would repeal $18 billion over ten years in subsidies to your 
companies. Several times during the hearing, you also said that your companies do not 
support mandates and subsidies for renewable fuels. Over the next ten years, your 
companies arc expected to make $14.6 trillion. H.R. 5351 would only account for 
approximately one tenth of one percent of your gross income! How can you insist on 
retaining these subsidies and tax breaks for your companies while opposing assistance 
for renewable energy? 

First, we have not sought to verify your forecast of the selected companies’ earnings given all 
the uncertainties with the commodity price outlook, volume growth and industry cost 
structure but believe that you have not appropriately characterized the industry’s profitability. 
The size of our profits reflects the scale of our companies and industry but they are not 
necessarily a good reflection of financial performance. Despite the higher crude prices in 
recent years, the oil and natural gas industry’s earnings as a percentage of sales and returns 
on investments are in line with other industries as described below. 

Profit margins, or earnings per dollar of sales (measured as net income divided by revenues), 
provide one useful way to compare financial performance among industries of all sizes. The 
latest published data for 2007 show the oil and natural gas industry earned 8.3 cents for every 
dollar of sales compared to 7,3 cents for all U.S. manufacturing and 8.9 cents for U.S. 
manufacturing, excluding the financially challenged auto industry (see first figui-e on the next 
page). I 

The chart on return on investment (see second figure on the next page), based on U.S. 
Department of Energy data, shows the returns for the oil and natural gas industry are 
currently comparable to average returns for the S&P industrials, after lagging those returns 
for many years. 
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2007 Earnings by Industry 

Net Income / Sales 


Cents per Dollar of Sales 

Bsverage & Tobacco 
Pharmaceuticais & Medicines 
Elecb'Ica! Equipment, 
Computer & Equipment 
Chemicals 
Ail Manufacturing Less Autos 
Oil & Natural Gas 
Aerospace Products 
Machinery 
All Manutecturlng 
Apparel & LeaOier Products 
Iron, Steel & Feralloys 
Food 

Furniture & Related Product 
Plastic & Rubber Products 
Textile Mills 
Paper 

- 6.6 
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Soured: Based W) compare filings ^iMhefederai gcMarrrmant as reported by US Census Bureau and Oil D^ly 


industry Return on Investment 

Net income / Net Investment in Place 


Percent 



Source: U.S. Department of Energy, Energy Informatton Adrrenistraflon, Perfonnance Proflies of Major Energy Producers, 
various issues ar>d 2006 S&P figure compiled by PWC from Compustat data 
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The proposal to repeal the Section 199 domestic manufacturing deduction for the five largest 
oil companies would discriminatorily deny the benefit of a tax deduction that is available to 
every other industry and other large oil companies. In our case, this provision of the tax code 
encourages more domestic oil and natural gas production, which increases our energy 
security and helps preserve U.S. jobs. 

The cost for exploration and production of oil and natural gas in the U.S. is among the 
highest in the world due to the maturity of U.S. basins and the need to move into deep water 
in the Gulf of Mexico. The Section 199 tax deduction will help domestic oil and gas 
production compete -with lower-cost international opportunities. 

The foreign tax credit eliminates double taxation for every multinational company subject to 
U.S. tax laws. The proposed modifications to this credit would further hamper our ability to 
compete in global markets against foreign oil companies. 

Major oil companies are already heavily taxed. In a recent survey of 80 diverse American 
companies, ConocoPhillips’ effective tax rate between 2004 and 2006 of 43.6 percent was 
the highest, about 14 percent higher than the average. ConocoPhillips paid an estimated $14 
billion in total taxes during 2007, which was greater than our net income. Income taxes paid 
by domestic energy producers have already increased by 519 percent between 2002 and 
2006.'' Income taxes are only one of the ways we contribute to government revenues. We 
also pay royalties, production and excise taxes, and lease bonuses, the latter of which are paid 
whether you discover hydrocarbons or not. When you take all these other fonns of 
government payment into account, our effective tax rates are much higher. For example, our 
incremental fiscal-take rate* in Alaska is about 90 percent at recent oil prices. 

Over the last four years the state of Alaska has changed their tax structure to significantly 
increase taxes on the oil and gas industry three different times. This not only increases the 
costs associated with oil and gas production and developments, but also adds uncertainty to 
the predictability of the fiscal structure in Alaska going forward. These tax increases have 
had and will continue to have a chilling impact on investment in Alaska. Some major projects 
have been cancelled or deferred in late 2007 and early 2008, due at least in part to tax 
impacts. 

We support appropriate incentives, including tax incentives, to encourage imiovation in 
renewable energy and encourage any necessary infrastructure development. For example, we 
believe that Congress should extend the investment tax credits for renewable power sources 
by five years at a time to help provide the financial certainty needed for investment. 

How'ever, we believe that development of these renewable energy sources benefits the public 
at large and should be paid for with public funding, not by imposing discriminatory tax 
provisions on five American companies, as is being considered. This would reduce our 
ability to replenish conventional oil and natural gas supplies, and to develop alternative 
energy sources. 


■* U.S. Department of Energy, Energy Information Administration, “Performance Profiles of Major Energy 
Producers 2006,” Table B12 ($14.6 billion in 2002 to $90.4 billion in 2006) 

’ The amount of an incremental dollar in revenue that is paid to the government (state and federal) in the form of 
production taxes, royalties, federal and state income taxes and any other taxes; incremental rate in Alaska is 90% at 
$115/bbl oil price 
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As Congress contemplates how to encourage continued growth of renewable fuels, care must 
be taken not to pre-select a favored feedstock and/or technology. Sound public policy should 
be feedstock and technology neutral. After a period of time, these renewable fuels should 
compete in the open market, and the market should determine which renewable fuels are 
sustainable. 


25) At the American Society of Newspaper Editors Convention on April 14, 2005, the 
President said, “I will tell you, with $55 [a barrel] oil we don't need incentives to oil and 
gas companies to explore. There are plenty of incentives. What we need is to put a 
strategy in place that will help this country over time become less dependent. It's really 
important. It's an important part of our economic security, and it's an important part 
of our national security.” Today, crude oil prices are double the President’s example! 
Do you agree with President Bush that oil and gas companies do not need incentives to 
explore when oil is more than $55 a barrel? Do you agree with President Bush that w'e 
should instead be investing in renewable energy that will help this country become less 
dependent on oil? 

Industry drilling and service costs tend to follow oil prices with a two-year lag. Thus, if it is 
uneconomic to explore at a $55 per barrel price and cost structure, it may well be 
uneconomic to explore at much higher prices given the accompanying increase in cost 
structure. 

Additionally, incentives for domestic oil and gas production have traditionally targeted those 
areas or resources that, but for incentives, would not receive investment. Because so much of 
the lands with greatest energy potential owued by the goverrunent are either specifically or in 
practice not accessible, policies have been adopted to encourage investment in less 
economically-robust areas. It is a means to induce explorers to invest in areas that they might 
not otherwise explore because the more economic areas are off-limits. 

We are concerned about certain proposed discriminatory tax policies that would target just a 
few companies for tax increases. The proposal to repeal the Section 199 domestic 
manufacturing deduction for the five largest oil companies would discriminatorily deny the 
benefit of a tax deduction that is available to every other industry and other large oil 
companies. In our case, this provision of the tax code encourages more domestic oil and 
natural gas production, which increases our energy security and helps preserve U.S. jobs. 

The cost for exploration and production of oil and natural gas in the U.S. is among the 
highest in the world due to the maturity of U.S. basins and the need to move into deep water 
in the Gulf of Mexico. The Section 199 tax deduction helps domestic oil and gas production 
compete with lower-cost international opportunities. 

The foreign tax credit eliminates double taxation for every multinational company subject to 
U.S. tax laws. The loss of this credit, as has been proposed, would further hamper our ability 
to compete against foreign oil companies. 
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Major oil companies are already heavily taxed. In a recent survey of 80 diverse American 
companies, ConocoPhillips’ effective tax rate between 2004 and 2006 of 43.6 percent was 
the highest, about 14 percent higher than the average. ConocoPhillips paid an estimated $14 
billion in taxes during 2007, which was greater than our net income. When you include other 
forms of government payment such as royalties and lease bonuses, our effective tax rates are 
much higher. For example, our incremental flscal-take rate* in Alaska is about 90 percent at 
recent oil prices. 

We believe that the United States should be encouraging investment in renewable and 
alternative fuels. We support appropriate incentives, including tax incentives, to encourage 
innovation in renewable energy and encourage any necessary infrastructure development. For 
example, we believe that Congress should extend the investment tax credits for renewable 
power sources by five 3 'ears at a time to help provide the financial certainty needed for 
investment. However, we believe that development of these renewable energy sources 
benefits the public at large and should be paid for with public funding, not by imposing 
discriminatory tax provisions on five American companies, as is being considered. This 
would reduce our ability to replenish conventional oil and natural gas supplies, and to 
develop alternative energy sources. 

As Congress contemplates how to encourage continued growth of renewable fuels, care must 
be taken not to pre-select a favored feedstock and/or technology. Sound public policy should 
be feedstock and technology neutral. After a period of time, these renewable fuels should 
compete in the open market, and the market should determine which renewable fuels are 
sustainable. 


26)1 have attached internal memos from Chevron, Texaco, and Mobil. The Chevron memo 
quotes a “senior energy analyst at the recent API convention,” stating “if the US 
petroleum industry doesn’t reduce its refining capacity it will never see any substantial 
increase” in profits. The Texaco memo complains that “supply significantly exceeds 
demand” leading to “very poor refinery margins and very poor refinery financial 
results.” The Mobil memo advocates keeping a smaller refiner, Powerine, from 
reopening, stating that a “full court press is warranted in this case.” From 1995 to 2002, 
more than 30 refineries have been closed in the United States. Have any of your 
companies applied for permits to build new refineries? If yes, how long did it take to 
obtain the necessary permits? In July 2007, gas prices increased 30 cents overnight in 
Escanaba, Michigan. There were no supply disruptions or other major events that 
would influence the price this significantly. Is there any logical explanation why prices 
would increase 30 cents in that short of time? On May 23, 2007, the U.S. House of 
Representatives passed H.R. 1252, the Federal Energy Price Gouging Prevention Act by 
an overwhelming vote of 284 to 141. Please explain why this legislation is not needed, 
given the significant price increases consumers continue to face. 


^ The amount of an incremental dollar in revenue that is paid to the government (state and federal) in the form of 
production taxes, royalties, federal and state income taxes and any other taxes; mcremental rate in Alaska is 90% at 

$115/bbl oil price 
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New refineries have not been built in the United States because building new refineries 
would cost considerably more than expanding existing refineries, and would face much 
greater permitting challenges. Thus, the industry has focused on incremental expansions of 
existing refineries. In fact, continuous expansions and improved efficiency have enabled the 
U.S. refining industry to increase crude runs nearly 30 percent since 1983, despite closures of 
a number of small refineries. The number of operable refineries in the United States fell from 
319 in 1980 to 149 in 2007. 

Let me address why the number, but not the capacity, of refineries has decreased. According 
to the FTC, the closures typically involved small, relatively unsophisticated refineries.’ 
Between 1973 and 1981, federal government incentives enabled companies to own and 
profitably operate these small and often inefficient refineries. However, these refineries could 
not survive after the elimination of these incentives in 1981 as well as by the large capital 
expenditures that were required to meet government-mandated product specifications (such 
as clean fuels) and emissions reductions. The lack of economies of scale significantly 
disadvantaged the small refiner. The average size of the current U.S. refinery is about 
125,000 barrels per day, and some of the new global refineries being built are being sized at 
about 400,000 barrels per day, and when it is completed there will be a refining complex in 
India with a capacity of 1 .2 million barrels per day. 

ConocoPHllips is investing in our refineries. In 2008 alone, we plan to invest $2.8 billion in 
our global refining, marketing and transportation operations, with 74 percent of that invested 
in the United States. Over the next five years, we plan to invest $7.0 - $7.5 billion in our 
base refining, marketing and transportation business and an additional $6.5 - $7.0 billion on 
refinery projects that increase crude oil refining capacity, raise clean product yields or 
enhance the ability to utilize low-cost (and thus more difficult to refine) crude supply. 

Even when the considerable economic hurdles for major expansions can be overcome, we are 
finding it extremely difficult to obtain permits for expansions in the United States. For 
example, ConocoPhillips applied in May 2006 for a permit to expand the Wood River 
refinery (a 50 percent joint venture with EnCana) in Illinois, and still does not have a final 
permit. At our refinery in Wilmington, California, local permit challenges and litigation have 
threatened an ultra-low-sulfur diesel fuel project since 2004. An expansion at our Rodeo 
refinery neai' San Francisco took 28 months to permit. U.S, refineries need to compete 
against very large and efficient refineries being built around the world today. We will not be 
able to compete successfully if we cannot complete our expansions and improvements in a 
timely fashion. 


^ U.S. Federal Trade Commission, Bureau of Economics, “The Petroleum Industry: Mergers, Structural Change, and 
Antitrust Enforcement,” August 2004, page 7 
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We are not familiar with the specific circumstances associated with Escanaba, Michigan but 
industry data indicates that there were a number of disruptions to refining output in the 
MidContinent region in July 2007 that temporarily increased gasoline prices in the region. 
According to a trade publication, BP*s Whiting, Indiana refinery had a crude pipeline shut 
down, Coffeyville Resources’ Kansas refinery flooded, Husky’s Lima, Ohio refinery had a 
fire and power loss and Sunoco’s Tulsa, Oklahoma refinery had a number of units down 
during this period. The overall loss of gasoline supply was estimated at 1 10,000 barrels per 
day. 

ConocoPhillips does not condone or tolerate taking advantage of consumers under any 
circumstance. However, we do not support price gouging legislation because of the potential 
to exacerbate shortages during supply disruptions. Anti price-gouging legislation is a form of 
price control, similar to that which resulted in long lines at the pumps in the 1970s. Price 
gouging legislation, just like price controls, does nothing to increase supply, and nothing to 
decrease demand. Rather, it removes the price signal to consumers to conserve and to 
producers and importers to bring forth additional supplies during a supply disruption. 
Furthermore, “price gouging” is difficult to define. This creates legal uncertainty and could 
produce adverse unintended consequences if suppliers decide not to sell a product in a tight 
supply situation rather than face potential protracted litigation over pricing. Price caps will 
very likely decrease .supply and increase demand - exactly the opposite of what is needed to 
bring supply and demand into balance. 

Markets are working. Repeated investigations, including those associated with Hurricanes 
Katrina and Rita, have consistently found that petroleum markets operate competitively and 
without manipulation. The industry’s supply response to the dual hurricanes in 2005 that 
temporarily shut down nearly 30 percent of total U.S. refining capacity was so effective that 
the average retail gasoline price returned to pre-hurricane levels w'ithin one month of the 
landfall of Hurricane Rita. It is doubtful that such a supply response would have occurred if 
price-gouging legislation was in effect that interfered with price signals. 


27) In May 2004, the U.S. General Accounting Office released its report, “Effects of 
Mergers and Market Concentration in the U.S. Petroleum Industry.” In this report, 
GAO found that over 2,600 mergers have occurred in the U.S. petroleum industry since 
1990. The GAO also pointed to economic literature that suggests that firms sometimes 
merged to enhance their ability to control prices. Each of your companies today is the 
result of significant mergers in the industry. Do you see any more mergers taking 
place? 

One of the primary reasons for the merger between Conoco Inc. and Phillips Petroleum 
Company was a response to rising constraints on resource access both in the U.S. and abroad 
and the growing competitiveness of national oil companies around the world. These trends 
forced us to undertake increasingly large and complex projects that some national oil 
companies did not have the financial strength, skills or technology to undertake on their 
own. Only large companies with substantial financial capacity and technical resources can 
effectively develop these mega projects, while sufficiently diversifying the number of 
projects and geographies to manage the risk. If these conditions persist, it is possible 
companies will need to become larger and more diverse in order to compete. 
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We also believe that it is implausible that mergers have enabled oil and gas firms to control 
prices. Global competition is much greater today than it was before these mergers, even 
though there are fewer major integrated oil companies. In the 1980s, for example, there were 
21 active global competitors dominated by publicly traded majors. In the 2000s, there are 
more than 3 times the number of global competitors and the majors constitute a minority (see 
figure below). 


Global Competition: 1980s vs. 2000s 

Emergence of NOCs & Independents as International Competitors 



Companies with Significant international Activity 


8mk«: PFC gnsrgy S Irtemal Company data 


Despite these mergers, the integrated major oil companies have a small market share of the 
world’s oil and gas reserves as shown in the figure on the next page. Today, the top six major 
integrated oil companies together hold only 4.5 percent of the world’s oil and gas reserves. 
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Turning to the U.S. refining industry, the Federal Trade Commission (FTC) conciiided that 
“the refining industry remains relatively unconcentrated” and that “no refiner has a 
substantial share of crude oil distillation refining capacity, either nationally or regionally.”® 
In addition, the refining industry is not very concentrated relative to many other industries in 
the U.S. The chart below shows that the market share of the eight largest firms for refining is 
much lower than for many other industries in the United States. 


Eight Firm Concentration (2002) 

Percent of Market Composed of the Eight Largest Firms 



Percent 


SoUr'cs; Energy WctiTii^nnAdml'ifetfQiian to Rrilneifes 3007. US. O^oitmntt^Ciininteree ter d cohere 


® Federal Trade Commission, "Investigation of Gasoline Price Manipulation and Post-Katrina Gasoline Price 
Increases ” Spring 2006, page 16 
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We would also note that the FTC criticized the 2004 GAO study referred to for, “(1) 
methodological mistakes that make the Report’s quantitative analysis wholly unreliable, (2) 
critical factual assumptions that are both unstated and unjustified, and (3) conclusions that 
lack any quantitative foundation,”^ The study did not take into account the numerous other 
factors besides mergers that caused gasoline prices to increase during the period studied (e.g., 
supply disruptions, seasonality, boutique fuels, higher cost of manufacturing clean feels). 

We believe that the efficiency improvements resulting from the mergers have probably 
lowered consumer prices relative to what they would have been otherwise. In my written 
testimony, I addressed in detail how the merger of Conoco Inc. and Phillips Petroleum 
Company has benefited consumers by reducing costs, improving the etHciency of our 
business, and increasing supplies of petroleum products for American consumers. In fact, we 
estimated cumulative cost and efficiency savings of approximately $ 1 ,9 billion in 2004 
resulting from this merger. 


28) In your testimony, almost all of you mention “more domestic drilling” as your top 
solution to high energy prices. What assurance can you provide that oil and gas from 
the Arctic National Wildlife Refuge (ANWR), the Outer Continental Shelf (OCS), or 
other domestic sources would stay in the United States? What is your response to 
economists that tell us that the oil and gas will likely go to higher priced markets in 
Japan and elsewhere? 

The price for crude oil is determined by the extremely active global oil market, which 
includes multiple buyers and sellers and ample liquidity. Since every country around the 
world is essentially paying the same price for crude, the additional shipping cost provides a 
substantial disincentive for domestic crude production to leave the U.S. Instead, this 
additional production is likely to replace oil imports. 

The situation for natural gas is different today because U.S. natural gas prices are lower than 
the oil-indexed natural gas prices being charged in Asia and Continental Europe. It is true 
that I.,NG has been bid away from U.S. markets by other countries that have shown a 
willingness to pay higher prices than exist in the U.S. at any given time. However, the U.S. 
generally does not export natural gas, with the exception of a small volume of LNG exports 
from Alaska and some small exports to Mexico and Canada via pipeline interconnects. 
Furthermore, natural gas cannot be exported without the permission of the U.S. government. 

We have looked at options to developing the gas resources on the Alaska North Slope and 
have concluded that the best option is to construct a pipeline to North American markets. 
ConocoPhillips and BP recently announced a decision to advance development of the Denali 
pipeline project. 


* Federal Trade Commission letter to GAO, “Energy Markets: Effects of Mergers and Market Concentration in the 
U.S. Petroleum Industry,” May 2004, Appendix IV, page 153 
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29 ) In May 2086, the Energy and Commerce Committee held a hearing on gas prices, and 
we discussed the crack spread, or the difference between a barrel of crude oil and the 
refined product. At this hearing, the average crack spread for a refinery in 2006 was 
estimated to be about $20 to $30 a barrel by Howard Gruenspect, the Deputy 
Administrator at the Energy Information Administration. Mr. Gruenspect testified 
that a crack spread of $8 or $9 is sufficient to cover refining expenses and provide a 
reasonable profit to the facility. What is your current crack spread at the refineries 
your companies operate? Why have your companies scaled back their refinery 
expansion plans to keep crack spreads high? 

The Deputy Administrator appeared to be referring to a gasoline crack, which is the 
difference between the spot or wholesale gasoline price and the crude price. A gasoline crack 
does not deduct any refinery costs. Thus, it Is an increasingly poor indicator of actual refining 
margins during periods like we are in now when costs are rising rapidly. For example, the 
Nelson-Farrar composite index of U.S. refinery operating costs increased by 54 percent since 
2002 .'" 

In addition, the usual simple indicator of refinery profitability is not a gasoline crack spread 
as is being discussed but rather a 3 :2; 1 crack spread, which assumes a refinery takes in 3 
parts of crude and produces 2 parts of gasoline and 1 part distillate (diesel fuel and heating 
oil). But even that indicator can grossly overstate a specific refinery’s profitability because 
refineries produce varying amounts of co-products other than gasoline and distillate that are 
priced below the price of crude oil. The refinery can only run profitably when the gasoline 
and diesel prices cover the losses incurred from selling those products that are priced below 
the cost of crude feedstock. 

A gasoline crack of $8 - S9 per barrel will normally keep complex refineries running but it is 
not sufficient to cover capital over a stay-in-business level. In a period of tight refining 
capacity, when expansion is needed, you would expect the gasoline crack to rise above this 
level to incent capital investment. 

While there were brief periods of elevated gasoline crack spreads during 2006 and 2007, the 
average gasoline crack spread (Gulf Coast spot gasoline price minus West Texas 
Intermediate or WTI crude oil price) for 2006 was about $10.60 per barrel. As a result of 
sti'ong oil demand growth in developing countries, global refining capacity utilization was 
very tight and the U.S. found it more difficult to attract imports. Since then the supply / 
demand balance for gasoline has loosened considerably due in part to: 

• A decline in U.S. gasoline demand caused by the higher gasoline price levels (in turn 
caused by higher crude oil prices) and the slowdown in the U.S. economy, 

• Refinery capacity expansions, 

• The restoration of domestic refining capacity that was disrupted last year, and 

• The increased use of ethanol in gasoline. 


’“oil and Gas Journal data base, “Nelson-Farrar refinery operating index,” monthly as of February 2008 
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Evidence for the restoration of the balance in gasoline markets is the fact that gasoline price 
increases are not keeping pace with crude oil price increases this year. On the week of May 
3 0, 2008 versus May 3 0, 2007, the crude price doubled but spot gasoline prices only went up 
by 45 percent. The average gasoline crack spread year-to-date in 2008 has been about $4.40 
per barrel, which is significantly below the $8 - $9 per barrel to which Mr. Gruenspect 
referred. The fundamentals for gasoline are weakening in the United States and Europe. The 
surplus of gasoline is likely to grow over time as the U.S. ramps up ethanol use towards the 
36 billion gallon mandate and vehicle fuel eflSciency increases as required by the Energy 
Independence and Security Act of 2007. 

The refining industry is a highly cyclical industiy as are other capital-intensive industries. 

The few years of elevated refining margins that were high enough to justify new capacity 
initiated a round of refinery expansions. The International Energy Agency estimates that 10.6 
million barrels per day of global refining capacity is being added between 2007 and 2012. 
Half of the additions are from incremental expansions in the United States and Asia and half 
are from new refineries being built in the Middle East and developing Asian nations. In 
addition to the 1.1 million barrels per day of expansions in distillation capacity planned in the 
United States by 2012, there are also large-scale upgrading capacity additions that will 
process increasing amounts of Canadian heavy, sour crude oil, and increase yields of clean- 
fuels products. ” 

Certain projects have been scaled back largely because of: 

• The lack of projected gasoline demand growth due to government policies that 
increased ethanol usage and fuel efficiency standards for new vehicles, 

• The growing surplus of gasoline supplies in tlie U.S. and Europe, 

• Falling refining margins, 

« Rapidly rising capital costs of constmction, and 

• Rapidly rising operating costs. 

If new gasoline production cannot be placed in the market, refineries will not be able to 
operate at design capacity. 

We are continuing to invest in our refineries. In 2008 alone, we plan to invest $2.8 billion in 
our global refining, marketing and transportation operations. Of that amount, 74 percent will 
be invested in the United Stales and 69 percent will be invested in refining. 

Over the next five years (2008-2012), we plan to invest $7.0 - $7.5 billion in our base 
refining, marketing and transportation business and $6.5 - $7.0 billion on strategic 
investments, which are primarily refinery projects that Increase crude capacity, clean product 
yields or the ability to utilize low-cost crude supply. 


” International Energy Agency, “Medium-Term Oil Market Report,” July 2007, pages 54 and 60 
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We are finding it extremely difficult to obtain permits for expansions in the United States. 
For example, we applied in May 2006 for a permit to expand the Wood River refinery (a 50 
percent joint venture with EnCana) in Illinois, and still do not have a final permit. At our 
refinery in Wilmington, California, local permit challenges and litigation have threatened an 
ultra-low-sulfiir diesel fuel project since 2004. An expansion at our Rodeo refinery near San 
Francisco took 28 months to permit. Where inftastructure is clearly needed to serve the 
national interest, Congress should expedite federal and state permitting processes to ensure a 
balance between federal, state and local and special interests. 


30) Please provide a list of oil and gas leases currently in the possession of your company 
and its subsidiaries, and give a status report as to the state of the production of each of 
these leases. 

ConocoPhillips held 3,723 federal leases in the United States at year-end 2007, including 
otfshore and onshore leases in the Lower 48 states and Alaska. Of these federal leases, 2,582 
or 69 percent had already been developed by year-end 2007. While 1,141 or 31 percent were 
undeveloped, subtracting leases currently suspended due to environmental or other 
restrictions reduced the percentage of undeveloped leases to 26 percent. While we were not 
able to provide the status of each of the 3,723 individual leases we hold in the timeframe 
allotted, we believe the information we have provided addresses the substance of tlie 
question. 

There will always be a proportion of leases that are undeveloped. They represent “working 
inventory,” since development typically requires a number of years from when a lease is 
awarded, particularly offshore or in remote onshore areas. For example, the Gulf of Mexico 
deep water trend is characterized by remote prospect locations, complex geology, massive 
facility size and potentially hostile weather - at! of which contribute to multi-billion-dollar 
capital needs. Development requires thorough exploration, detailed engineering of site- 
specific producing facilities, and lengthy periods of onshore construction and offshore 
installation. Thus, it may take up to 10 years or more from initial leasing to first production - 
a fact reflected in the length of federal leases. 
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When ConocoPhillips bids for leases, \ve put a significant amount of capital at risk. We 
therefore bid witli the intent of discovering and producing hydrocarbons. Initial lease bonus 
payments in the Gulf of Mexico can exceed $100 million for a particularly promising block, 
which is paid to the federal government even if no hydrocarbons are ever discovered. There 
is also an ongoing commitment to pay rental fees on the lease, and exploratory wells may 
cost as much as $180 million each. We would not expend such enormous amounts of capital 
if we were not serious about developing our leases. If, despite our best efforts, we determine 
that a lease lacks commercial hydrocarbons and cannot be developed, after the lease expires 
the acreage reverts to the federal government and can be reoffered for leasing. We also 
relinquish leases before they expire if we determine early on that they lack prospectivity. 

The existence of undeveloped leases also reflects the fact that much of the acreage leased 
will, after being studied and tested, be found to not contain sufficiently large accumulations 
of hydrocarbons to be commercial. However, if a lease appears non-commercial after an 
initial drilling campaign, rather than relinquish it immediately, a company may retain it to 
determine if new technology or further geologic studies may make possible the discovery of 
commercial hydrocarbons, or enable production from small accumulations. In addition, the, 
relatively small size of offshore leases often encourages companies to acquire adjacent 
leases, since a hydrocarbon accumulation on one may extend into others. Conversely, when 
one lease block proves unproductive, it may condemn the prospectivity of surrounding leases 
as well. 

ConocoPhillips would likely invest greater amounts and likely produce mote oil and natural 
gas in the United States if more federal acreage was opened in the nation’s remaining 
unexplored areas. If new, less-explored and thus less-mature areas were available for leasing, 
the likelihood of significant discoveries would increase. 

ConocoPhillips has demonstrated its willingness to invest in additional federal acreage. This 
year alone, we will invest more than $890 million for our high bids in Gulf of Mexico and 
Chukchi Sea lease sales. We also have significant exploration and development investments 
planned in North America. In 2008 alone, we plan to invest about S6.5 billion in North 
America, with two-thirds of that amount earmarked for the United States. 
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31) As fuel prices rose over the past 6 years, has American demand decreased? Why or why 
not has this occurred? If gas taxes were increased, do you think demand would 
decrease? Did this happen in European countries when they imposed large gas taxes? 

U.S. gasoline demand grew by only 0.4 percent in 2007 and declined by 1 .3 percent in the 
first quarter of 2008, compared to growth of 2.8 percent in 2002 (before crude and therefore 
gasoline price increases). This demand reduction is driven primarily by rising crude prices 
which in turn drove a doubling of retail gasoline prices in the U.S. in real terms since 2002. 
As a result of rising prices, the growth rate in total vehicle miles traveled in the U.S. first 
slowed, and then went into decline in 2007, after growing at an average rate exceeding 2.0 
percent per year since 1990. The slowing economy has also played a role in slowing the 
growth in vehicle miles traveled this year. Consumers have also changed their vehicle 
preferences and are now purchasing more fuel efficient cars. For example, the number of 
light tmeks (SUVs and pick up trucks) as a percent of new vehicle purchases has been 
declining since 2004. 

An increase in gasoline taxes would likely further decrease demand but it would also 
adversely impact the economy unless the revenues were recycled back to consumers. In 
Europe, high gasoline taxes have contributed to total oil demand growing at about one-third 
the rate of oil demand growth in the U.S. over the last 1 5 years. For example, in the United 
Kingdom, gasoline taxes were two-thirds of the retail gasoline price last year. In contrast, 
sales taxes represented only 15 percent of the U.S. gasoline pump price last year. 


32) At current projections, when will your current reserves be depleted? 

At ConocoPhillips' current rate of global production and assuming no new reserves are added, 
our company will produce as much hydrocarbons as we have as reserves in about 12 years. 
This is very similar to the United States' overall reserve-to-production ratio. However, the 
company has an active exploration program to replenish its resource portfolio. In 2008 alone, 
we are planning on spending over $2.3 billion on exploration. The cost of developing these 
proven reserves is not insignificant. In future years, based on year-end 2007 costs, the 
company projects expenditures of $52 billion to develop these reserves and bring them into 
production. 

Reserves-to -production ratios are often misinterpreted. They should probably be thought of 
as a working inventory level. As long as you continue to add reserves at the same rate as 
production, you can remain at the same reserves-to-production level for years. This will 
require an enormous amount of capital and be challenging to do without additional resources 
being made avaiiable for development. 
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33) When do you expect underdeveloped countries will reach a level to where they will 
begin to significantly buy oil for use? How will this affect supply and fuel prices? 

Since 2005, almost all of the global oil demand growth has been in developing countries, 
with two-thirds of that growth in developing Asia. Segments of the population in developing 
Asian countries (e.g., China, India) have reached a per capita income level where they are 
rapidly increasing their purchases of cars and appliances. Since 2000, new car sales in China 
grew at an average rate of 37 percent per year. In contrast, oil demand in industrialized 
countries (OECD) has declined by 1 million barrels per day since 2005. 

Rising developing country demand growth has been a driving force in the increase in world 
oil prices in recent years. Subsidies and price controls in many developing countries have 
also made demand less responsive to higher oil prices. That means that oil prices have had to 
rise to even higher levels to dampen demand such that the supply and demand balance is 
restored. The International Energy Agency projects that oil demand will grow by more than 
13 million barrels per day in China and India alone by 2030, which will continue to tighten 
the world’s supply and demand balance and maintain pressure on oil prices. 

About 1 .6 billion people in developing countries, or a little over a quarter of the population in 
the world, do not presently have access to electricity in their homes. About 2.6 billion people 
in developing countries are relying on traditional biomass for cooking and heating. Energy is 
a prerequisite to economic development. Success in making energy accessible to these people 
will put even more pressure on global energy markets. The implications are that energy needs 
to be used more efficiently in the U.S. and globally, and diverse sources of supplies need to 
be developed to allow new and existing energy users, including the United States, access at 
affordable prices. 


34) If all conventional, alternative, and unconventional sources of oil in the U.S. were to be 
developed, how long would the supply last based on current estimates of increased 
usage? 

It is not possible to give a definitive answer to this question due to significant uncertainties 
associated with estimating (1) the volume of hydrocarbons contained within the Earth’s crust, 
(2) the pace and scale of technological advancements, including advancements that might 
reduce the demand for oil or allow for oil to be produced from alternative sources, (3) the 
rate of economic growth and its impacts on oil demand and (4) the impact of government 
policies on resource development and demand. 
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For discussion purposes, as shown in the table below, as of year-end 2005, 1 ,332 billion 
barrels of oil-in-place‘^ had been discovered in the United States. Of this, 208 billion barrels 
had already been produced, leaving 1,124 billion barrels in place. About 190 billion barrels 
of this is estimated to be recoverable with conventional technologies (25 years of U.S. 
demand at 2007 consumption levels of 7.6 billion barrels'^), and another 240 billion barrels is 
estimated to be recoverable with enhanced recovery technologies*'' (32 years of 2007 
consumption). 


On 

Btnal, Developed and Undeveloped Domestic Oil Resources* 



Original 

Developed to Date 

Remaining 

Future Recovery** 



Oil In- 
Place 
(BBbls) 

Conventional 

Technology 

(BBbls) 

EOR 

Techn^ugy 

(BBbls) 

Oil 

In-Place 

(BBbls) 

Conventional 

Technology 

(BBbls) 

EOR*** 

Technology 

(BBbls) 

Total 

(BBbls) 

I. Crude Oil Resources 

1. Discovered 

582 

(IM) 

(14) 

374 

0 

110 

no 

- Light Oil 

482 

(187) 

(2) 

293 

0 

90 

90 

- Heavy Oil 

lOO 

(7) 

(12) 

81 

0 

20 

20 

2. Undiscovered 

360 

0 

0 

360 

119 

60 

179 

3. Reserve Gro'Wth 

210 

0 

0 

210 

71 

40 

111 

4. Transition Zone 

100 

0 

0 

iOO 

0 

20 

20 

5. Tar Sands 

80 

0 

0 

80 

0 

10 

10 

TOTAL 

1^2 

(194) 


1,124 

190 

240 

430 


•Does not include oil shale. 

••Technically recoverable resources rounded to the nearest 10 billion barrels. 

•** Based on ten basin*oriented assessments and residual oil zone potential highlighted in reports released by the Department of Energy 
Office of Fossil Energy in February 2006. 

Thi.s table updates the table of U.S. oil resources recovery potential in the report entitled. Undeveloped Domestic Oil Resources: The 
Foundation for Increasing Oil Production and a Viable Domestic Oil Industry, February 2006. 


The United States Geological Survey estimates that there are 48.5 billion barrels of 
undiscovered, technically-recoverable oil within the United States. This would add another 
6.5 years of production at 2007 U.S. consumption levels. 

Another possible source of oil that is abundant in many parts of the world is “oil shale”, 
which refers to a sedimentary rock that contains solid bituminous material that can be 
converted into petroleum-like liquids when the rock is heated. The largest known oil shale 
deposits are in the U.S., in Colorado, Utah and Wyoming. These deposits are estimated to 
contain 1.5 to 1.8 trillion barrels of resource, of which between 0.5 and 1.1 trillion barrels 
have been postulated as being recoverable with advanced technologies (between 66 and 146 
years of U.S. consumption at 2007 rates). 

As noted in response to Question 10, we believe that with the current and projected suite of 
available technologies and crop yields that a substitution of 10 percent (15-17 billion gallons 
per year) of biofuels in the transportation sector is feasible by 2015. Market penetrations 
beyond this level will require substantial breakthroughs in crop types and yields and 
conversion technologies. Given that biofuels may be able to be produced in perpetuity, they 
would extend the above calculated “years of consumption” for oil extracted from the Earth’s 
crust by whatever percentage of the total oil consumption they replace. 


Includes domestic heavy oil and tar sands, but not oil shale 

US DOE, EIA, http://tonto.eia.doe,gov/dnav/pet/pet_cons_psup_dc_nus_inbbl_a.htm 

National Petroleum Council, Facing the Hard Truth about Energy, Topic Paper #19, “Conventional Oil and Gas”, 
pages 
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Summing up the above noted “years of consumption” estimates, this would yield a total of 
between 130 and 210 years without biofuel contributions, with the total increasing to 142 to 
230 years if biofuels meet 10 percent of current demand. Furthermore, as previously noted, 
biofuels production could presumably extend beyond the cessation of oil production. This 
estimate also does not include U.S. coal resources, which are considerable and can be 
converted into natural gas or liquids. 


35) Please describe to this committee your short, middle, and long-term plans for oil and 
renewable energy development. 

ConocoPhillips has initiated, or is planning, a significant number of major projects to 
develop oil and nataral gas resources both domestically and internationally. In 2008, our 
planned capital program of $15.3 billion includes $12.0 billion of investment in Exploration 
and Production activities. In order to continue meeting current U.S. and global energy 
demand, it is important that we retain the opportunity to invest sufficient capital in 
economically viable traditional oil and natural gas development projects. The following table 
provides publicly available information related to ConocoPhillips’ short-, middle- and long- 
term plans for oil and gas development; 
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Region SiuiiiKcant Projecl \Vl% l^ntluction 

MliOEl) 

Up 



Canada 

Foster Creek ID 

50 


Construction 


Foster Creek IE 

50 


Construction 



Bohai Phase il 



Construction 


Asia Pacific 

North Belut 



Construction 



Su Tu Den Northeast 

23 

30 

Construction 

Short-term 


Alvheiin 

20 

90 

Construction 

(2008-2009) 

IN ui u 1 

Britannia Satellites 

■■1 

85 

Construction 


West Africa 

N-LNG Train 6 supply 

20 

49 

Construction 


Russia / Caspian 

Yuzhno Khyichuyu 
(YK) 

30' 

150 

Construction 


Middle East / North 
Africa 

Qatargas-3 

30 

263 

Construction 


Alaska 

North East West Sak 


30 

FEED 


Ugnu 


162 

Appraise 


Canada 

Christina Lake C-F 

50 

112 

FEED 


Foster Creek IF & IG 

50 

54 

FEED 



Suban3 

m 

59 

Concept 

Medium- 

Asia Pacific 

Su Tu Trang 

23 

25 

Appraise 

term 

Su Tu Nau 

23 

48 

Appraise 

(2010-2012) 


Gumusut-Kakap 

33 

129 

Construction 


North Sea 

Jasmine 

■mi 

82 

Appraise 


Eldflsk II 


83 

Concept 


Russia/ Caspian 

Kashagan Phase 1 

8 

450 

Construction 



Libya - North Gialo 

16 

85 

Concept 


Middle East / North 

Libya - Faregh 2 

16 

36 

Construction 


Africa 

Algeria - Ebnerk 
(EMK) 

17 

54 

FEED 



Prudhoe Gas Cap 

3^ 

500 

Concept 



Mooses Tooth 


52 

Appraise 



Surmont 2 


80 

FEED 

Long-term 

(2013+) 


Surmont 3&4 


160 

Concept 


Thombuiy 1-2 


89 

Concept 

Canada 

Ctyden 1 


44 

Concept 



FCCL other 

50 

220 

Concept 



Parsons Lake 


56 

FEED 



Araaugliak 


94 

Appraise 



Sunrise 


220 

Concept 


Asia Pacific 

Caldita / Barossa 


77 

Appraise 



Kebabangan 


145 

Concept 



Ekofisk South 


72 

Concept 


North Sea 

Tor Redevelopment 


30 

Concept 

Long-term 

(2013+) 

cont’d 

Tommeliten 


57 

Appraise 


Clair II 

24 1 

60 

Appraise 

West Africa 

Brass LNG supply 

20' 

119 

FEED 


Kashagan Phase 2+ 

8 

1,050 

Concept 


Russia / Caspian 

Kalamkas 

Aktotc 

8 

8 

124 

100 

Concept 

Appraise 



Kairan 

8 

70 

Appraise 


Middle East / North 

Libya - NC98 

16 

90 

Concept 


Africa 

Libya - Dahra Jofra 

13 

56 

Concept 
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Notes from table (previous page): 

WI% = Working Interest 

= ConocoPhillips-operated project 
FEED - Front-end engineering design 
‘includes direct working interest only 
‘jointly operated 

‘Represents equity in the upstream gas supply project. WI in liquefaction plant is 17%. 

Conventional oil and natural gas are, and will generally remain for the near and medium 
term, the lowest-cost feedstocks available for the production of transportation fuel. Despite 
the relative economy of these conventional supplies, we are increasingly focused on 
alternative and renewable energy sourees. Development of alternative and unconventional 
energy sources will be essential in the tuture, but it is important to recognize that new 
technologies take time to commercialize and usually cost more than conventional supplies. 
The following table provides publicly-available information on our short, medium and long- 
term activities in renewable energy development. 


Target 

Activity 

CoiiocoPhillips Uole ' 

Short-term 

(Clean/UDConventional 

Fuels) 

Ethanol blending 

• Large, rapidly expanding ethanol blending 

Biofuels 

• E-85 is marketed under our branded canopy in a 
number of states - with over 2,500 potential sites - 
provided the marketer meets certain image, safety and 
fuel-quality guidelines 

• Selectively adding biodiesel blending 

• Producing vegetable oil-based diesel in Ireland 

• Test manufacturing animal fat-based diesel with Tyson 
Foods 

Medium- / Long-term 
(Research) 

Biomass fuels 

• Joint agreement with Archer Daniels Midland to 
research development of fuels from agricultural waste 

Biofuels 

• Major relationship with Iowa State University to 
research biofuels (advanced 26 projects in 2007-8) 

Renewable Power 

• Created an internal business organization dedicated to 
evaluating opportunities to invest in solar, wind and 
geothermal projects 

• Reviewing opportunities to incorporate renewable 
energy to support our operations 


In addition to development of oil and renewable energy sources, we continue to invest in our 
refineries and infrastructure to increase clean product yields, achieve better energy 
efficiency, and enable use of lower-cost feedstock in our refining processes. The following 
table provides a sample of some short- and medium-term projects in development or 
execution; 
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Priman iHvcshneiit' 

I'argd 

Invc-vtnieiit 


Clean 

Energy 

Lower C'os( 

Couiiliy or 

liivcstmt’iil* 

Prod lids 

Effickiicy 

I'ceiisrock 

Region 

San Francisco Refinery Hydrocracker 

✓ 

✓ 

•/ 

U.S, 

Los Angeles Refinery Conversion 




U.S. 

Femdale Refinery Coker 

s/ 



U.S. 

Billings Refinery Fractionation Upgrade 

y' 



U.S, 

Bayway Refinery Fluid Catalytic Cracker 


✓ 


U.S. 

Keystone Pipeline Construction 




U.S./Canada 

Wilhelmshaven Refineiy Upgrade 

✓ 


/ 

Germany 

WRB LLC project (JV)‘ 

/ 


/ 

U.S. 

Melaka Refining Company (JV) 

s/ 


/ 

Malaysia 

Yanbu Export Refinery 




Saudi Arabia 


*Certain investments noted here are pending approval and permitting, and thus may not move forward. 

^WRB is a US. reining joint venture with EnCana Corporation, consisting of the Wood River and Borger refineries. 


36) On Page 4 of your testimony, you specifically mention the Koan Plateau in Colorado as 
a site that could have potential for natural gas production. Do you have an estimate of 
how much natural gas is estimated to lie in that area? 

The U.S. Department of Interior Bureau of Land Management estimated in 2004 that there 
were 15.4 trillion cubic feet of technically recoverable gas resources within the Roan Plateau 
Planning Area, which is approximately 59 percent owned by the federal government 
(remainder is private lands). 


37) How do you think we could best find a balance between federal, state and local interests 
as we work through the permit process? 

ConocoPhillips is sensitive to the interests of all stakeholders who are potentially impacted 
by out operations, including federal, state and local governments and citizens. While we 
agree that all such viewpoints ate entitled to be heard in the regulatory process, there are 
certain critical infrastructure needs that merit expedited review and processing. As pointed 
out in our earlier testimony, ConocoPhillips has encountered significant delays in such 
critical projects, due to the length of the regulatory process. The most recent example is the 
proposed expansion at the Wood River refinery, where the permitting process has been in 
process since May 2006, and has delayed construction to this point. When it is in the national 
interest. Congress should expedite federal and state permitting processes to ensure a balance 
between federal, state and local and special interests. 


38) On Page 5 of your testimony, you quote the National Petroleum Council’s report on the 
need for increased rail, waterway, and pipeline transportation as we develop renewable 
fuels. Do you have any idea what kind of investment is necessary to provide the 
infrastructure that is necessary? 
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We are not aware of any existing studies that focus on the costs of transportation 
infrastructure required to expand biofuels use in the U.S. to 36 billion gallons as is presently 
mandated. We believe this is an area that needs further study. 

We are participating in a task force (along with other experts from industry, finance, 
government, environmental organizations and academia) convened by the National 
Commission on Energy Policy to examine ethanol distribution issues. This work will focus 
on the distribution implications of a large increase in ethanol production and the policy and 
regulatory measures that might facilitate an efficient ethanol distribution network. 


39) You also mention the investment required to maintain the infrastructure for current oil 
and gas production - do you have any figures on that investment? 

According to the International Energy Agency, $9.6 trillion of investment will be required 
between 2006 and 2030 to supply the required oil and natural gas production. About two- 
thirds of this investment is for upstream or exploration, development and production 
spending. Thus, about $3.3 trillion will be needed for downstream infrastmcture. 


40) With regard to your project using by-product animal fats and grease to make bio-fuel, 
you note that this could potentially use the current pipeline system - is that because the 
fuel would contain less water? Or what other factors come into play as you make that 
decision? 

The renewable diesel manufactured at our Borger refinery from animal fat feedstock is 
chemically similar to ultra low sulfur diesel fuel. Therefore, it has no compatibility issues 
with either the existing distribution infrastructure or vehicles. 

In contrast, biodiesel is a chemically different fuel produced from similar feedstock. This fuel 
contains oxygen groups which have an affinity for water and are not found in conventional 
diesel fuel. This affinity for water presents infrastructure and vehicle concerns which have 
limited biodiesel’s ability to be shipped in multi-product pipelines. The industry continues to 
evaluate how to integrate biodiesel blends into pipelines. 


41) Could you explain what the problem is with the language on blending tax that does not 
allow you to compete with other renewable and biodiesel fuel producers? 

The language in H.R. 5351 would reduce retroactively the credit for the co-production of 
renewable diesel from $1.00 per gallon to 50 cents per gallon, rendering the process 
uneconomic and also uncompetitive with biodiesel manufacture which utilizes similar 
feedstock and has similar economics. The greater tax credit for biodiesel will allow biodiesel 
manufacturers to pay more for feedstock than renewable diesel co-processors, and thereby 
price renewable diesel processors out of the market. 
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We believe that Congress should avoid picking technology winners and losers. This change 
in tax code violates not only this principle, hut also committee members’ own admonitions to 
the oil industry to increase our investment in renewable fuels and other alternatives sources. 

Renewable diesel offers outstanding greenhouse gas and criteria pollution reduction. It is 
fully compatible with both the pipeline distribution system and vehicles. It allows for 
biofuels production from non-food sources. Deployment of co-processing requires capital 
investment in our refineries, but since it utilizes some existing reactor capacities it allows for 
a more rapid deployment and better economic viability than a pure stand-alone option. 
Finally, only the portion of the fuel directly created from renewable feedstock qualifies for 
the tax credit. No petroleum processing is subsidized. 

Tax uncertainty has limited our deployment of the technology to a small test installation at 
our Borger, Texas refinery. For the first five months of this year, our operation has co- 
produced about 300 barrels per day of renewable diesel. Without the full tax credit this 
operation would not have been economic, even before capital recovery. This tax change will 
likely force us to cease renewable diesel production in the United States and focus on our 
European refineries. 

Finally, the retroactive nature of this change does little to encourage oil companies to 
experiment with new, superior technologies. 


42) You mention that recent tax proposals would reduce funds available to invest in 

developing new energy supplies - do you have an estimate of how much that would be? 

H.R. 5351 is estimated to increase taxes on our industry by $18 billion over ten years. That is 
$18 billion less funds available for investment, including those for new supplies of oil and 
natural gas. 


43) On Page 8 of your testimony, you note that you are test marketing E-85 in a number of 
states. What have you learned from this experience? 

The feedback we have received from most of our branded gas stations who have installed E- 
85 dispensers is that there is insufficient demand to justify the expense of the conversion. The 
problem is that only 3 percent of the U.S. passenger fleet possesses flexible fuel capability 
today and consumers who own these vehicles are often unaware of it. In addition, consumers 
are concerned about the roughly 25-percent reduction in gas mileage experienced when using 
E-85 fuel versus conventional gasoline. 


39 



301 


44) What is it about the vegetable and animal fat feed stoek that allows you to create a 
better blend of diesel fuel that does not have the same performanee issues as bio-diesel? 

The superior properties of renewable diesel are not feedstock dependent but rather an 
advantage of the chemical process used to create the end product. Renewable diesel is 
chemically similar to ultra low sulfur diesel and therefore has no compatibility issues with 
either the existing distribution infrastructure or vehicles. In fact, the specific diesel molecules 
created actually improve certain performanee characteristics of ultra low sulfur diesel. 

In contrast, biodiesel is a chemically different fuel produced from the same feedstock. This 
fuel contains oxygen groups which have an affinity for water and are not found in traditional 
diesel fuel. This affinity for water presents infrastructure and vehicle concerns which have 
limited biodiesel’s ability to be shipped in multi-product pipelines. The industry continues to 
evaluate howto integrate biodiesel blends into pipelines. 


45) What types of agricultural waste products look like they have the most potential for 
bio-fuels production? 

Assuming that there is no material difference in the ability of the conversion technology, the 
highest potential feeds are those that can easily fit in the existing agricultural harvesting and 
transportation infrastructure. Starting with already stranded items like com fiber and wood 
chips seems the most likely early sources to be commercially viable. The next most likely 
sources are com cobs and stover and wheat and riee straw as some of these products can be 
sustainably removed from the field and can also leverage the existing gathering and 
transportation infrastmcture and firms. 


46) Based on your experience with lithium-ion battery deveiopment, what do you think 
needs to be done to develop more battery technology for cars and other high-energy use 
applications? 

We believe lithium-ion batteries are best suited for use in hybrid and other electrical vehicles 
and are likely to become the battery of choice for vehicular applications in the foreseeable 
future. There are many areas of development that could improve their performance for 
application in autos. Material improvements need to be made to extend the operating 
temperature range of batteries so they can be used in winter in Mirmesota and summer in 
Arizona. These materials need to be safe and provide long cycle life for the battery to last as 
long as the car does. 

Research and development efforts should continue seeking reductions in battery material 
costs and also cost reductions in near-zero defect manufacturing processes needed to ensure 
safety. Progress in both areas is needed to make the batteries more economic. Data needs to 
be collected on these new generation batteries to ensure safe and reliable operation in 
automotive service. Today, most lithium-ion batteries are made in Asia. Enhanced battery 
R&D and manufacturing infrastructure in the United States is needed to avoid over-reliance 
on foreign supplies and imports. 
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47) How would you rate your experience with the Freedom CAR and Fuel Partnership 
initiatives? Is there more that we should be doing in those programs that would help 
curb the demand for gasoline? 

There is little that the FreedomCAR and Fuel Partnership program can do to reduce near- 
term gasoline demand. Near to mid-term reductions in gasoline demand will be accomplished 
with automotive technologies already being commercialized or close to commercialization. 
Hybrid vehicle sales are now in the hundreds of thousands annually and many automakers 
are developing plug-in hybrids and pure electric vehicles with serious commercial intent. The 
auto industry is also rapidly introducing increasingly energy efficient non-hybrid advanced 
gasoline and diesel-based powertrains and is shifting product mix toward higher fuel 
economy vehicles in response to strong consumer demand. 

The five energy partners, including ConocoPhillips, have staffed the hydrogen-related 
technical teams with well-qualified senior scientists and engineers. As detailed in Chapter 5 
of the National Research Council's recently released Review of the Research Program of the 
FreedomCAR and Fuel Partnership - Second Report, formidable technical and economic 
barriers must still be overcome before fuel eell vehieles and hydrogen fuel can be 
commercialized. R&D directed at these diffieult problems remains an appropriate role for the 
federal government. High technical risk and long lead times to market tend to temper private 
sector investment in fuel cell vehicle-related technologies. 

The FreedomCAR and Fuel Partnership is appropriately focused on high technical risk, long 
lead time R&D. Nevertheless, it is unlikely that fuel cells and hydrogen will significantly 
reduce transportation energy demand within the next 25 years. It is also possible that fuel cell 
vehicles may not be significantly commercialized if lithium-ion battery technology enables 
successful commercialization of plug-in hybrids and pure electric vehicles delivering 
consumer value and other benefits similar or superior to those that fuel cell vehicles might 
offer. 


48) What are the major benefits of syngas? Where are you in terms of scale deployment of 
a syngas project? 

Syngas or synthesis gas from the gasification of coal or petroleum coke can be used directly 
to fuel combustion turbines in Integrated Gasification Combined Cycle (IGCC) power plants. 
Alternatively, the hydrogen that is the main component of syngas can be extracted for use in 
conventional crude oil processing, for ammonia production in fertilizer plants or as a fuel for 
power plants with advanced combustion turbines or fuel cells. 

Syngas is also the intermediate feedstock for a number of different conversion processes such 
as Fischer Tropsch coal-to-liquids (which produces diesel, jet fuel, and naphtha), SNG 
(which makes Substitute Natural Gas or methane), and other processes that make DME, 
methanol and gasoline. 
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ConocoPhillips owns and markets the E-Gas™ technology for Solid Fuel Gasification, which 
has been commercially proven at utility scale (200-300 MW per equipment train) on sub- 
bituminous and bituminous coals and petroleum coke. The Wabash River IGCC facility in 
Terre Haute, Indiana (one of the two IGCC plants in the U.S.) utilizes the E-Gas™ 
technology and has been operational since 1995. ConocoPhillips provides professional 
services and technical expertise for operations and maintenance to the owners of that facility, 
as well as using it as a base for continued technology research and development. 

ConocoPhillips is now actively conducting feasibility studies on two gasification projects for 
equity participation. The first one is in conjunction with Peabody Energy in Kentucky, which 
would use the ConocoPhillips proprietary E-Gas™ technology to produce syngas from a 
blend of coal and petroleum coke (approximately 10,000 tons per day) which would then be 
converted into pipeline quality methane (natural gas, 50-70 billion cubic feet per year). The 
second project is at the ConocoPhillips Sweeny refinery in the Texas Gulf Coast. This project 
plans to produce syngas from refinery-sourced petroleum coke (about 5000 tons per day) for 
use in the associated cogeneration power plant, or in producing methane and hydrogen. 

These will be among the largest coal or coke-fueled gasification facilities in the world and 
could both be operational in the 2014-2016 timeframe if the studies prove them to be 
economically viable. Options for carbon capture and sequestration are being evaluated for 
both of these projects. 

ConocoPhillips is also marketing and licensing the E-Gas™ technology to other companies, 
with three executed licenses for new projects in the U.S. in the last five years (none of these 
projects has entered construction at this time). 


49) If you were going to propose a legal and regulatory framework for carbon capture and 
storage, what would you propose as the key elements? 

ConocoPhillips believes that COj capture and storage (CCS) will play an important role in 
reducing U.S. greenhouse gas (GHG) emissions. It will also strengthen U.S. energy security 
by improving the acceptability of using the vast coal resources in the United States. 
Widespread deployment of CCS will require national legislation that establishes a value for 
carbon emissions, supports technology research and development, provides incentives for 
early movers, and creates a regulatory and legal framework that provides the certainty 
necessary for long-term investment while letting market forces drive the most cost-efficient 
and environmentally effective CCS solutions. 

C02 Capture 

While existing laws and regulations may be sufficient to handle the capture aspects of CCS, 
certain issues remain to be addressed. 
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Pennitting 

In general, permitting processes for CO2 capture equipment and facilities must be 
streamlined and efficient with clear lines of authority established as soon as possible in order 
to enable new construction and modifications to existing plants. The government should 
avoid establishing Best Available Control Technology (BACT) standards in the permitting 
process for industrial and power CCS applications. The market price for GHG emission 
allowances will determine the most cost effective GHG reduction investments. 

CO^ and criteria pollutants 

Some CO2 capture technologies may yield additional criteria pollutant emissions due to the 
need for oxygen production for oxy-firing, steam for amine stripping, power use for CO2 
compression, etc. Clear regulatory guidance on how to address these trade-offs will be 
important. 

C 02 Transport 

Procurement and permitting of rights-of-way 

A regulatory framework should be implemented to enable procurement and permitting of 
rights-of-way for intrastate and interstate CO2 pipelines. This could be done in a marmer 
analogous to natural gas pipelines. Regulation of the operation of CO2 pipelines can be 
effectively handled by existing Department of Transportation rules. 

C 02 Storage 
Access to pore space 

• Ownership of storage rights needs to be clarified. 

• A mechanism should be established to enable consolidation of all of the storage interests 
in a project area by the project operator. 

• Rules should be established governing the area over which storage rights must be 
acquired by the storage operator, taking into consideration CO2 plume expansion and 
pressure impacts. 

• The pore space acquisition rules should contemplate modification of the storage area 
during the operational phase of the project to account for unanticipated movement of 
injected CO2 and/or project expansion. 

Permitting requirements 

The U.S. EPA is currently developing regulations governing pennitting, construction and 
operation of CO2 storage sites. We suggest that several principles guide development of 
regulations for CO2 storage sites: 

• Regulations should be stringent enough to ensure responsible site selection, development 
and operation that minimizes the risk of leakage of CO2 into drinking water sources and 
the atmosphere. In addition to minimizing risk to human health and the environment, this 
principle should improve stakeholder acceptance of CCS as a climate change mitigation 
strategy. 

• Regulations should be flexible enough to allow site-specific implementation of 
appropriate construction, monitoring, mitigation and verification techniques. 

• Regulations should be adaptable to allow for modifications as experience is gained, given 
that regulations are likely to take effect before many large CO2 storage projects are in 
operation. 
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Treatment of the various types of storage reservoirs 

Future storage reservoirs for CO 2 are expected to include deep saline formations, depleted oil 
and gas reservoirs, and deep unmineable coal seams. In some cases, injected CO 2 , in addition 
to being stored, may provide economic benefit by enhancing production of oil or natural gas 
from the reservoirs. The enhanced production of hydrocarbon resources associated with CO 2 
storage provides a dual benefit by improving domestic production while enabling CCS 
projects to occur at lower carbon prices; hence a lower cost to society. 

We believe that a legal framework for CCS should treat all forms of CO? storage equally . In 
particular, CO 2 storage projects which enhance hydrocarbon production should not be 
disadvantaged in terms of CO 2 credit allocation or application of early CCS incentives. 
Critically, CO 2 credits should be awarded in a timely manner to all types of CO 2 storage 
projects to avoid inflating the CO 2 price at which CCS projects become economically viable. 

Long-term liability 

Long-term liability issues associated with CO 2 injection can be managed with sound science, 
sound project management, operation and monitoring, and sound/consistent regulation. 


50) In your testimony, you mention international research that has been conducted in 
several areas. Where do you think the United States ranks in terms of supporting 
research for energy development? What about carbon footprint mitigation? 

ConocoPhillips has not tracked research and development spending by governments around 
the world. However, the International Energy Agency’s recent publication, “Energy 
Technology Perspectives 2008; Scenarios and Strategies to 2050,” indicated that Energy 
research development and demonstration (RD&D) budgets in many member countries 
declined between the early 1980s and the 1990s from $18 billion (USD) in 1980 to $8 billion 
(USD) in 1997. This decline was largely associated with the difficulties of the nuclear 
industry and with the decrease in oil prices from 1985 to 2002. Since 1999, government 
expenditures on RD&D have slightly recovered and stabilized; they were estimated to be $ 1 0 
billion in 2006. However, over the same timeframe, energy RD&D as a share of total RD&D 
declined from 1 1 percent in 1985 to 3 percent in 2005. 

This report also showed that the U.S. spends a smaller percent of its GDP on energy RD&D 
(3-4 percent) than France (~5 percent) and Japan (-9-10 percent).'^ 

Similarly, the figure below included in the National Petroleum Council study on “Facing the 
Hard Truths about Energy,” shows U.S. government R&D funding for oil and natural gas has 
declined significantly in recent years. 


’’ International Energy Agency, “Energy Technology Perspectives 2008: Scenarios and Strategies to 2050,’’ 2008, 
page 172 

“ Cited in National Petroleum Council, “Facing the Hard Truths about Energy,” page 176, with the original source 
of Lawson, William F, “Who Will Fund America’s Energy Future?” Interstate Oil and Gas Compact Commission 
Report, 2006 
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FIGURE3-5. Oil and Natural CasRStD Funds Fnvijed by the U,S. Gonemment 


In most OECD countries tliere is consensus that the government should invest in basic 
science and technology research to complement the nearer-to-market technology investments 
that the private sector will be prepared to make. However, the U.S. government proposal for 
fiscal year 2007 to terminate the oil and natural gas program within the Department of 
Energy leaves only $50 million in royalty receipts that were set aside in the Energy Policy 
Act of 2005. The bulk of the funds ($35 million) were set aside for ultra-deepwater and 
unconventional-hydrocarbon research programs as part of the Research Partnership for a 
Secure Energy America (RPSEA). The remainder ($15 million) is set aside for an internal 
National Energy Technology Laboratory program and administrative funds. 

Climate change is a global challenge that will require a suite of solutions including sound 
policy, innovation and participation by governments, industry and consumers, A national 
mandatory policy on climate change will provide the basis for the United States to assert 
world leadership in enviromnental and energy technology innovation. The cost-effective 
deployment of existing technologies to improve energy efficiency and reduce GHG 
emissions should be a priority. Government should not try to pick “winners” among the 
competing technologies but should let the market choose the best, most-efficient energy 
sources. The U.S. can demonstate leadership by a muiti-pronged technology approach that 
encourages private investment in a variety of low-carbon energy somces while continuing 
government-funded re.search and by increasing support of education - particularly in the 
technical skills that are so critical to our energy future. 
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51) I applaud your efforts in recycling water in some of your operations. What, if anything, 
can Congress do to help support water use policies such as this? 

Our growing world must have water for human survival and reliable fresh-water supplies are 
increasingly scarce. Recognizing this need, ConocoPhillips is committed to conserving and 
protecting fresh-water resources, and to enhancing the efficiency of our water utilization. 

Crude oil production on average produces three to four barrels of water for each barrel of oil. 
This excess of produced water usually contains too much natural salt and minerals to be of 
agricultural or residential use. In order to reuse as much as possible, we reinject much of this 
to help maintain reservoir pressure and recover additional natural resources. We reuse some 
of it in other applications and dispose of the rest as permitted by applicable law. 

Efforts that are being undertaken by industry that have broad application should be supported 
through financial support for research and development, regulatory support and financial 
innovation. That support could be used to find alternative uses for water we process, develop 
novel technologies to purify produced water, promote innovations to reduce water from 
natural resource recovery, and explore partnerships with local agencies to look at water 
management and municipal collaboration. In addition, sponsorship of programs to increase 
awareness and encourage water conservation through exhibitions and workshops would be of 
value. 

To encourage quicker adoption of technologies or processes which can benefit the entire 
watershed, incentives could be put in place to minimize the cost and other constraints. 
Congress could consider various options to encourage quicker adoption through tax credits 
for capital deployed to increase recycling, incentives for sponsoring research and 
development efforts, or a simplified permitting process for technology prototypes. Finally, 
reducing the cost and barriers to the reuse of treated municipal waste for industrial processing 
should be encouraged in regions that are water stressed. 


52) What would listing of the polar bear as an endangered species do to your potential oil 
development in the Chukehi Sea? And do you believe that polar bears or their habitat 
would be harmed by oil operations in that area? 

ConocoPhillips has extensive experience on Alaska’s North Slope and has found that polar 
bears can coexist with energy activities. Available scientific data indicates that the bear 
population that is active near North Slope operations has been healthy and sustainable for 
more than 20 years. Also, exploration in the Chukehi Sea would be conducted in open water 
during the summer when polar bears have a limited presence, making it highly unlikely that 
polar bears woxdd be disturbed during the exploration activities. No bears were sighted 
during a recent 90-day seismic survey. 
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53) What kind of investment did Conoco-Phillips make in the Rockies Express pipeline? 
Are other pipeline projects under consideration? 

ConocoPhillips made an equity investment in the Rockies Express natural gas pipeline to 
support our natural gas production in the San Juan Basin and other neighboring producing 
areas. Additionally, ConocoPhillips has taken an equity position in the recently announced 
Keystone pipeline which will transport heavy crude oil volumes from Western Canada's oil 
sands region to U.S. refining centers. ConocoPhillips also has announced that it is currentiy 
developing the Alaska North Slope pipeline as part of the Denali Joint Venture. Also, 
ConocoPhillips continuously considers and evaluates the benefits and risks of taking an 
ownership position in various crude oil, refined products, and natural gas pipelines along 
with related infiastructure. With respect to existing pipeline systems within the 
ConocoPhillips portfolio, ConocoPhillips regularly evaluates opportunities to optimize assets 
which may include expansions, consolidations, facility upgrades or reconfigurations, and 
ownership changes. 


54) How docs your experience with LNG terminals in the US differ from sites you are 
developing around the world? 

Many gas-consuming countries around the world recognize the value of natural gas to their 
sustainable economic and environmental well-being and have embraced the benefits for 
having a reliable and diversified gas supply. Accordingly, many have included importation of 
LNG as a critical component of a policy or strategy for meeting their long-term energy 
supply needs. Having the foundation of a strong energy policy which recognizes the 
importance of a diversified energy portfolio, including LNG, creates an atmosphere that is 
conducive to people wanting to be informed with facts and support projects from which they 
and their country will benefit. 

The acceptance of LNG receiving terminals in the U.S. and in other countries varies from 
country to country and from location to location. In the U.S., we have found that 
communities are divided on their acceptance of LNG terminals. Some members are being 
swayed by inaccurate information when in fact the LNG industry has an excellent safety 
record for more than 40 years. ConocoPhillips is committed to working with the federal, state 
and local government and citizens where we live and conduct business to help find solutions 
that meet our energy needs while maintaining our quality of life. We believe that as the 
world’s largest natural gas-consuming country, the U.S. needs a comprehensive, long-term 
energy policy and that LNG should be included in this policy. 

ConocoPhillips has been or is involved in the development of a number of LNG receiving 
terminals in the U.S., including the Freeport terminal in Freeport, Texas, the Golden Pass 
terminal near Sabine, Texas, Compass Port off the coast of Alabama, Sound Energy 
Solutions at the Port of Long Beach, California and a project in Harpswell, Maine. 
Internationally we have been involved in projects in Teesside, U.K., the Port of Eemshaven 
in the Netherlands and Singapore. 
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55) What kind of tax base does Conoco-Phillips provide for Alaska? And those funds could 
be used for climate mitigation for native villages, couldn’t they? 

ConocoPhillips Alaska, Inc. alone paid approximately $1.8 billion in taxes to the state of 
Alaska and Alaska municipalities in 2007. This figure does not include the oil and gas 
royalties ConocoPhillips paid to the state in 2007, a portion of which was deposited in the 
Alaska Permanent Fund. The state of Alaska's decision to increase its petroleum profits tax 
(PPT) rate in late 2007 significantly increased the Alaska state tax burden on our ongoing oil 
and gas operations, and that increased tax rate will be reflected in our 2008 Alaska tax 
payments. 

Over the last four years, the state of Alaska has changed their tax structure to significantly 
increase taxes on the oil and gas industry three different times. This not only increases the 
costs associated with oil and gas production and developments, but also adds uncertainty to 
the predictability of the fiscal structure in Alaska going forward. These tax increases have 
had and will continue to have a chilling impact on investment in Alaska. Some major projects 
have been cancelled or deferred in late 2007 and early 2008, due at least in part to tax 
impacts. 

In 2007, the state collected over $5 billion in revenues from the petroleum industry, primarily 
through corporate income taxes, severance taxes, property taxes, royalties and lease bonuses. 
The Alaska Department of Revenue projeets petroleum revenues will rise to $8.9 billion in 
2008. The Department of Revenue also estimates that petroleum revenues, which represent 
about 87 percent of the revenues of the state’s general purpose unrestricted funds, have 
provided cumulative revenues to the state of $66 billion since 1959, and they project it will 
rise to $142 billion by 2017.” 

The distributions of Alaska's tax revenues, including decisions on whether to allocate them 
for climate change mitigation for native villages, are decisions for the state of Alaska. 


56) You briefly touched on the use of nanotechnology - what areas of energy exploration 
and production hold the most promise for improvement through the use of 
nanotechnology? 

The oil industry is currently increasing our review and research of potential nanotechnology 
applications in an effort to improve operational efficiencies and to increase total hydrocarbon 
recovery from reservoirs. Nanotechnologies that appear to have the greatest potential for 
application in the oil industry fall into one of three major categories; (1) material science, 
with strengthening and weight reduction applications, (2) use of nanosensors for increased 
feedback from facilities, wells, and reservoirs, and (3) nanotechnology in oilfield chemical 
delivery both in facilities and in downhole reservoir applications. 


AlaskaDepartment of Revenues, “Revenue Spring 2008 Forecast,” Figures 1 and 10, April 10. 2008 
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Material science 

The use of carbon nano tubes and nano "enhanced" engineering materials have resulted in 
construction materials of super strength, low corrosivity and less weight. This makes these 
materials ideal candidates foj selective use in offshore construction and operations. 
Applications of nano particles embedded into drill bits have resulted in longer lasting drill 
bits, for example. 

Nanosensors 

Nanosensors will include new and improved methods of gathering downhole data, i.e. 
pressures, temperatures, salinities and water cuts from oil wells, such that they can be 
operated and managed in a more efficient manner to increase recoveries and improve 
operations. Ultimately the industry would like to develop nano sensors that could be injected 
into reservoirs such that spatial information about oil, water, and gas saturations, geology of 
the reservoir including fractures, compartments, layering, and fluid injection patterns could 
be determined remotely. In this manner, improvements in reservoir and geological models 
could be implemented and reservoirs could be managed to increase ultimate hydrocarbon 
recovery. 

Downhole delivery system 

Nanotechnology is being applied in the development of new and improved methodologies 
and products classified as "oil field chemical delivery systems." Some specific applications 
currently include water-soluble polymers for application in injection water diversion and 
formulations of nano-sized particles being tested for their ability to increase the recovery of 
oil from reservoir rocks. Nanotechnology has the potential to increase the efficiency of 
enhanced oil recovery chemicals, improve waterflooding operations, produce more effective 
scale and corrosion chemicals, etc. Although nanotechnology is relatively new to the oil 
industry, there is considerable research effort on-going by vendors, suppliers, universities and 
major operators with the goal of accelerating the development of applications. 


Our responses to the requests made by the Select Committee on Energy Independence and 
Global Warming of the U.S. House of Representatives contain forward-looking statements 
within the meaning of the "safe harbor" provisions of the Private Securities Litigation 
Reform Act of 1995. Actual outcomes and results may differ materially from what is 
expressed or forecast in such forward-looking statements. Economic, business, competitive 
and regulatory factors that may affect ConocoPhillips' business are generally as set forth in 
ConocoPhillips' filings with the Securities and Exchange Commission. 
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1) How much did your company invest in renewable energy technologies by year and by project 
over the last 10 years? 

BP hereby provides the information for the last 5 years. It does not have 10- 
years ' worth of this information available because of its various mergers and 
acquisitions over that time period. 


Alternative Energy 

Capex 

$m 



2003 

2004 

2005 

2006 

2007 

Solar US 

8 

10 

21 

12 

42 

Solar non-US 

16 

5 

33 

56 

87 

Solar Total 

24 

15 

54 

68 

130 

Wind US 

0 

0 

0 

410 

246 

Wind non-US 

14 

0 

10 

14 

95 

Wind Total 

14 

0 

10 

423 

341 

Hydrogen Energy US 

0 

0 

0 

0 

0 

Hydrogen Energy non- 
US 

0 

0 

0 

18 

18 

Hydrogen Energy 

Total 

0 

0 

0 

18 

18 

Biofuels US 

0 

0 

0 

0 

0 

Biofuels non-US 

0 

0 

0 

0 

76 

Biofuels Total 

0 

0 

0 

0 

76 


Total US Capex 

8 

10 

21 

422 

289 

Total non-US Capex 

29 

5 

43 

88 

276 

Total Capex 

37 

15 

64 

510 

565 


2) How much does your company plan on investing in renewable energy technologies by year in 
coming years? 

To date, BP Alternative Energy has invested $3 Billion. This includes projects in 
Wind, Solar, Hydrogen power, CCS and Biofuels. BP recently announced that it was 
doubling its annual rate of investment in alternative energy to $1.5 Billion. 

3) Based on the fundamentals of supply and demand, what does your company estimate the price of 
oil should be were it not for speculation, and other factors? Mr. Simon from ExxonMobil 
testified that their analysis of fundamental supply and demand suggests a price of oil in the $50- 
55 range, and prices above that figure are due to speculation, weakening dollar and geopolitical 
stability. Do you agree or disagree with that analysis? 

BP agrees with the CFTC, which has concluded that "there is little evidence that 
changes in speculative positions are systematically driving up crude oil prices. " In 
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his April 3, 2008 testimony before the Senate Committee on Energy and Natural 
Resources, CFTC Chief Economist Jeffrey Harris stated: 

Given the relative stability of the makeup of participants and their positions in the 
markets and the absence of evidence that speculation has caused oil price 
changes, it appears that fundamentals provide the best explanation for crude oil 
price increases. These fundamentals can be either broad factors that affect 
many markets — like the value of the dollar or general inflation fears — or factors 
particular to a market — such as strong demand from China and India for crude oil 
and other commodities. In addition, geopolitical events, such as tensions 
involving Venezuela, Nigeria, Iran, Iraq, Turkey and the Kurds have affected 
commodity markets, especially the energy and precious metals markets. 

The price of crude oil reflects the forces of supply and demand as they exist at any 
given time - it is not possible to say what the price of crude oil "should be" apart 
from those market forces of supply and demand. 


4) What percentage of the current price of oil is a result of speculation? 

See our answer to Question 3. 

5) How much did your company invest last year in emerging energy technologies in North America 
and what types of technologies would that include? 

The chart below shows our research and development spend in alternatives for the 
last five year period. 


R&D Spend ($ml 
Solar 

Renewables & Alternatives / AE 
Technology (Wind, Hydrogen power) 
Biofuels 

Energy Biosciences Institute (CA 
Berkeley, IL Urbanal 

Hydrogen for Transport 

TOTAL 


2003 

2004 

2005 

2006 

2007 

TOTAL 

5.4 

4.0 

6.1 

8.2 

8.2 

31.9 



9.4 

8.3 

27.7 

45.4 



5.0 

7.2 

14.3 

26.5 




2.5 

26.0 

28.5 

10.0 

10.0 

10.0 

10.0 

10.0 

50.0 

15.4 

14.0 

30.5 

36.1 

86.2 

182.2 


6) In 2030, what percentage of global energy demand will be met by fossil fuels? 

Future energy demand growth is highly uncertain. It will be influenced by (among 
other factors) economic growth, energy prices, technological innovation government 
policy. The National Petroleum Council in its recently issued study, "Facing the Hard 
Truths About Energy", concluded that energy demand will grow by 50-60 percent by 
2030, Further, it projects that more than 75 percent of future energy demand will be 
met with fossil fuels (oil, gas, coal). 


7) Do you think that it is important as an energy security issue, to use more of the US reserves of oil 
and natural gas? What are the best policies to assure our energy independence? 
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Policies that allow for the continued development of all US energy resources (oil, 
gas, coal, nuclear, wind, solar, biofuels, alternatives) are essential to meeting the 
future energy needs of US consumers. There is no single energy source that is 
capable of supplying US energy needs. It will take a portfolio of options including 
access to resources, legal and regulatory certainty, economy-wide carbon price and 
transitional incentives to enable resources of all types to be adequately developed. 

8) What percentage of your stock is own by pension plans and retirement accounts? 

The chart below shows the ownership interests in BP stock by category. 
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Beneficial Owner 

Composition Threshold: 100,000 shares and above 

Register Date: 31 March 2008 Issued Share Capital: 19,039,435,263 


BREAKDOWN BY CATEGORY 

Type 

Shareholding 

% Of ISC 

ADR 

5,399,242,422 

28.36% 

Unit Trusts 

3,713,986,715 

19.51% 

Pensions 

2,794,111,497 

14.68% 

Other 

2,261,149,205 

11.88% 

Insurance 

1,353,406,799 

7.11% 

Private Client Brokers 

772,052,073 

4.06% 

Foreign Government 

320,470,926 

1.68% 

Retail Investors 

289,982,724 

1.52% 

Marketmaker 

231,407,236 

1.22% 

Inv Trusts 

128,310,637 

0.67% 

Charities 

127,668,152 

0.67% 

Directors 

103,492,821 

0.54% 

Custodian 

92,470,556 

0.49% 

Stocklending 

46,115,000 

0.24% 

Arbitrage 

36,797,556 

0.19% 

Clearing 

28,730,636 

0.15% 

UK Government 

21,677,633 

0.11% 

DBV Accounts 

18,648,374 

0.10% 

Brokerage 

11,342,356 

0.06% 

Employees Holdings 

9,910,991 

0.05% 

Hedge Funds 

1,168,024 

0.01% 

Family Holdings 

403,932 

0.00% 

Below Threshold 

848,380,603 

4.46% 

Unidentified 

428,508,395 

2.25% 

SHARES IN ISSUE 

19,039,435,263 

100% 1 


9) Do you support the use of coal-to-liquids as an alternative to traditional petroleum? If not, why 
not? As a follow up, wouldn’t the use of coal-to-liquids significantly increase our domestic 
supply of fuel? 

BP is not actively pursuing coal to liquids technologies but does support its inclusion 
in the future US energy portfolio. We believe it will take the development of all 
economic energy sources to meet the future needs of US consumers and thus no 
option should be removed from consideration. 

10) How much bio-fuel and ethanol do you think realistically can be substituted for traditional 
petroleum? 

We believe that biofuels have the potential to make-up 25 to 30% of the US 
transportation fuels pool by 2030. 
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11) Are you involved in developing production in Canada’s oil sands or Western oil shale? Do you 
believe those alternatives will become more viable if the price of oil continues to rise? 

BP recently completed a joint venture with Husky Energy to jointly develop its 
Sunrise oil sands field in Alberta, Canada. Oil from this field will supply our JV 
refinery in Toledo, OH which will undertake a modernization and expansion over the 
next several years. This expansion will result in the incremental supply of more than 
600,000 gallons/day of transportation fuels to the Midwest market. 

BP expects development of Canadian oil sands to accelerate in the coming years as 
safe, stable and secure resource to the US. 

12) The American Jobs Creation Act provides a tax credit of up to $1.00 per gallon for the sale and 
use of "agri-biodiesel" - biodiesel from virgin agricultural products. The credit is $0.50 per 
gallon for biodiesel from recycled grease. In addition, the law provides an excise tax credit for 
biodiesel blends (i.e., biodiesel and conventional diesel). Producers are eligible for one credit or 
the other, but not both. The Energy Policy Act of 2005 extends these credits through 2008. Do 
you support making these credits permanent? Do you support increasing these credits? 

BP is not actively engaged in bio-diesel research or manufacture. However, BP 
supports the use of transitional incentives to enable the development and 
deployment of alternatives of all kinds. Properly structured, they should enable 
scale, reduce manufacturing costs and help achieve market competitiveness over 
time. 

13) Do you support suspending or reducing the number of “boutique fuel mixes” that each state 
mandates in order to reduce gas prices in the near future? 

Yes, boutiques add complexity to the supply and distribution of transportation fuels 
across the US and make response to supply disruptions difficult The impact of 
these policies may be higher prices for the consumer. 

14) Do you believe that the Energy Independence and Security Act of 2007 went far enough to access 
US oil and natural gas resources? 

No. EISA 2007 did very little to enhance the opportunities to develop new oil and 
gas resources in the US. 

15) Are you actively pursing carbon sequestration and Enhanced Oil Recovery in your oil fields and 
has that work been successful? What more needs to be done in this area? 

BP is actively pursuing carbon capture and sequestration (CCS) technologies as part 
of its alternative energy portfolio. CCS is being used in our CA Hydrogen power 
project that will convert petroleum coke into hydrogen and use the resulting C02 for 
enhanced oil recovery and sequestration in mature oil fields in California. In order for 
CCS to develop further, a fiscal, regulatory and legal framework is necessary that 
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will outline the measurement, monitoring and environmental requirements 
associated with future projects. 

16) What is a ballpark figure of how much your company pays in taxes each year? 

Over the last several years BP has paid an average of $1 3 billion in taxes. This figure 
includes income taxes, property taxes, excise taxes and production royalties, if in- 
kind royalties are included, this amount increases to $14 billion/year. 

17) A couple of you mentioned the National Petroleum Council repot “Facing the Hard Truths about 
Energy” do any of you disagree with the Findings of that report? 

No, the NPC report is the most in-depth, comprehensive review of the entire energy 
sector and benefited from the participation and support of a diverse group of 
stakeholders. BP endorses its findings. 

1 8) Several of you mentioned the increasing cost of materials, difficulty in finding labor and 
specifically difficulty in finding engineers and scientists in oil and gas development. What 
policies do you think would help get the materials and people that you need? 

Infrastructure investment (human, financial, industrial) typically follows clear, stable, 
long-term policy direction. Students won 't enter energy fields, investors won 't back 
energy investment, and major manufacturing and energy firms won 't expand 
capacity if they can't be assured that their investments won't be rewarded over the 
long-term. Policymakers need to signal that it embraces not only access to 
conventional oil and gas resources but also the timely development required to bring 
them to market. Once this inventory of opportunity is clear, the market will respond 
as it always has to the challenge. 

19) Is there something in the manufacturing sector that we need to do to help insure that you get the 
supplies that you need? 

Policymakers need to signal long-term support for energy development of all kinds 
to provide the market with the confidence necessary to stimulate investment. 

20) The International Energy Agency estimates that $22 trillion - in new energy investments will be 
needed by 2030, Where would that money come from? 

M/e have not evaluated the lEA estimate and cannot comment on the amount, but 
agree that a lot of investment is needed. That investment will and is coming from 
companies like BP. Governments can play a roll in supporting investment, but it is 
companies that will make almost all of the expenditure. And, BP is doing more than 
its share of the investing,’ BP had capital expenditures of $19 billion in oil and gas 
globally. BP reinvested every dollar it made in the US right back into US operations 
to provide energy. 


‘ BP represents 3% of global oil and gas. Of the lEA's $22 trillion estimate, $9.6 trillion is for oil and gas, 
which is about $400 billion a year. BP's capital expenditure in E&P and Refining last year was $19 billion 
or 5% of the lEA’s estimate. BP is investing disproportionately more - by 70% - relative to its share of 
the market to increase energy supply. 
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21 ) What would be required to get biofuels to a commercial scale that they could replace oil in the 
United States? 

BP does not believe that biofuels can replace oil in the US. We believe that 
development of non-food feedstocks, cellulosic technologies and improved 
molecules may allow biofuels to meet as much as 30% of the US transportation 
fuels needs by 2030. 

22) In your testimony, several of you point to speculation as a contributing cause of high crude oil 
prices. I have introduced legislation, the Prevent Unfair Manipulation of Prices (PUMP) Act (HR 
594), which would improve oversight of “dark markets” which are currently unregulated by the 
Commodity Futures Trading Commission. In our December 2007 Oversight and Investigation 
Subcommittee hearing, we heard testimony that this could reduce the cost of oil by $30 a barrel. 
Do you believe that speculation in the market is driving up the price of oil? Would you support 
this legislation? 

Regarding the rote of speculation in the market, see our answer to Question 3. BP 
believes that the market oversight and enforcement powers exercised by the CFTC, 
as described in the April 3, 2008 testimony of Mr. Harris, are effective tools to 
protect the public from unlawful manipulation of prices. In addition, BP generally 
supports regulatory proposals that make the markets we trade in more efficient 
more liquid and more transparent 

23) What is the average number of barrels of oil your companies trade each day on NYMEX? On the 
InterContinental Exchange? 

In 2008, BP's U.S. trading company has traded an average of 9.9 million barrels per 
day of Light Sweet Crude Oil contracts on NYMEX. This includes buys and sells, 
spread trading, and front month as well as future months contracts. The average 
daily total market volume of Light Sweet Crude Oil contracts on NYMEX for 2008 
has been 558 million barrels per day. 

In 2008, BP's U.S. trading company has traded an average of 1 1.4 million barrels per 
day of WTI and Brent crude on ICE, which also includes buys and sells, spread 
trading, and front month as well as future months contracts. The average daily total 
market volume of WTI and Brent crude contracts on ICE for 2008 has been 504 
million barrels per day. 

This data is competitively sensitive and BP requests that it not be disclosed to the 
public. 

24) During the April 1 , 2008 hearing, you each spent most of your time complaining about taxes, 
specifically that the Renewable Energy and Energy Conservation Tax Act (H.R. 5351) passed by 
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the House would repeal $ 1 8 billion over ten years in subsidies to your companies. Several times 
during the hearing, you also said that your companies do not support mandates and subsidies for 
renewable fuels. Over the next ten years, your companies are expected to make $14.6 trillion. 
H.R. 5351 would only account for approximately one tenth of one percent of your gross income! 
How can you insist on retaining these subsidies and tax breaks for your companies while 
opposing assistance for renewable energy? 

BP supports the inclusion of renewable energy incentives in HR 5351, but we 
believe it is unfortunate that the funding source used is new taxes on the oil and 
gas industry. BP is committed to developing alternative energy and has recently 
increased its plans to nearly double its investment in the alternative energy 
business - and we believe that government support through tax incentives is 
critical to the viability of these energy resources. Imposing new taxes on the oil 
and natural gas industry to fund that goal, however, does not help supply the 
stable and affordable supplies of energy necessary to meet the needs of the US. 
BP supports a balanced energy policy that encourages development of 
alternative energy sources but also allows us to continue to responsibly develop 
our investments in all forms of energy In the US. 

25) At the American Society of Newspaper Editors Convention on April 14, 2005, the President said, 
“I will tell you, with $55 [a barrel] oil we don't need incentives to oil and gas companies to 
explore. There are plenty of incentives. What we need is to put a strategy in place that will help 
this country over time become less dependent. It's really important. It's an important part of our 
economic security, and it's an important part of our national security,” Today, crude oil prices are 
double the President’s example! Do you agree with President Bush that oil and gas companies do 
not need incentives to explore when oil is more than $55 a barrel? Do you agree with President 
Bush that we should instead be investing in renewable energy that will help this country become 
less dependent on oil? 

We agree with the President that new incentives are not necessary to stimulate 
exploration and development for oil. Further, promoting the use of alternative 
energy resources is a worthy energy policy goal, but imposing new taxes on the 
oil and natural gas industry, as has been suggested, to fund that goal does not 
help supply the stable and affordable supplies of energy necessary to meet the 
needs of the United States. BP supports a balanced energy policy that 
encourages development of alternative energy sources but also allows us to 
continue to responsibly develop our investments in all forms of energy in the US. 

26) I have attached internal memos from Chevron, Texaco, and Mobil. The Chevron memo quotes a 
“senior energy analyst at the recent API convention,” stating “if the US petroleum industry 
doesn’t reduce its refining capacity it will never see any substantial increase” in profits. The 
Texaco memo complains that “supply significantly exceeds demand” leading to “very poor 
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refinery margins and very poor refinery financial results,” The Mobil memo advocates keeping a 
smaller refiner, Powerine, from reopening, stating that a “full court press is warranted in this 
case.” From 1995 to 2002, more than 30 refineries have been closed in the United States. Have 
any of your companies applied for permits to build new refineries? If yes, how long did it take to 
obtain the necessary permits? In July 2007, gas prices increased 30 cents overnight in Escanaba, 
Michigan. There were no supply disruptions or other major events that would influence the price 
this significantly. Is there any logical explanation why prices would increase 30 cents in that 
short of time? On May 23, 2007, the U.S. House of Representatives passed H.R. 1252, the 
Federal Energy Price Gouging Prevention Act by an overwhelming vote of 284 to 141 . Please 
explain why this legislation is not needed, given the significant price increases consumers 
continue to face. 

BP has not applied for any permits to build a new refinery since its predecessor 
company, Atlantic Richfield Company built its Cherry Point refinery in 
Washington State in the 1970s. 

BP supports market based pricing that insures an adequate supply from local and 
global markets at all times. During times of emergency, it is important that 
supply can be moved to the areas that need it. We should not inhibit this. 

BP is not opposed to price gouging legislation that prohibits excessive charges 
for essential goods during periods of declared disaster, where excessive charges 
are defined as prices significantly higher than competitive sellers are charging in 
the same general geographic area for the same goods and take into account 
increased cost due to the disaster and the seller's prices prior to the disaster. It 
is further BP's policy that all existing price gouging laws be strictly observed. 

The majority of BP's branded gasoline is distributed by independent business 
people -- franchisees, dealers, or jobbers. BP cannot set the retail price for these 
independent business people. If a court of law determines that one of these 
distributors violated any price gouging laws, then BP can act to discipline it BP 
does not price gouge at its company owned and operated sites. 

27) In May 2004, the U.S. General Accounting Office released its report, “Effects of Mergers and 
Market Concentration in the U.S. Petroleum Industry.” In this report, GAO found that over 2,600 
mergers have occurred in the U.S. petroleum industry since 1990. The GAO also pointed to 
economic literature that suggests that firms sometimes merged to enhance their ability to control 
prices. Each of your companies today is the result of significant mergers in the industry. Do you 
see any more mergers taking place? 

BP agrees with the Federal Trade Commission that the GAO report should not 
be relied upon in making policy, ,4s stated by the FTC: 
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The GAO report still contains major methodological mistakes that make 
its quantitative analyses wholly unreliable. It relies on critical factual 
assumptions that are both unstated and unjustified, and it presents 
conclusions that lack a quantitative foundation. Simply stated, the GAO 
report is fundamentally flawed.^ 

Even if you take the conclusions of the GAO Report at face value, the GAO 
concluded that two of the transactions studied led to decreases in wholesale 
prices and the results from one of the transactions was inconclusive. This 
suggests that in at least some cases, integration can lead to lower prices. In the 
absence of any clear metric as to which transactions will lead to lower prices and 
which will lead to higher prices, any disincentive for further integration has the 
potential to lead to economic inefficiencies and higher costs for consumers. 

As to consolidation and concentration in the market place, consolidation has 
allowed BP to compete in this global environment. Even after mergers such as 
BP's, the FTC has determined that the U.S. domestic oil and natural gas industry 
remains highly competitive, highly regulated and unconcentrated because retail 
gasoline is sold largely through independent dealers who face stiff competition. 

The price of gasoline is largely dependent on the price of crude oil. And, current 
sources of crude oil are expensive and challenging to obtain. In the last five 
years, BP has invested more than $30 billion dollars into energy investments in 
the United States. BP's size and scale allows the company to continue to 
increase both its crude oil production and long-term reserve base in the United 
States, while also investing in new alternative and renewable energy 
technologies. 

BP's consolidation with Amoco and ARCO has allowed significant investment 
into its facilities and infrastructure at approximately $700 million a year. Finding 
and producing oil and gas today requires greater scale to meet the challenges 
posed by greater technical, logistical, financial and permitting hurdles. For 
example, BP is currently working with others to invest in a pipeline to bring 
Alaska natural gas to consumers in the US Midwest. 

BP is also using investment to find new oil and gas reserves in the deep water 
Gulf of Mexico: this exploration would most likely have overwhelmed a smaller 
company. These projects are extreme in every way - extremely risky, extremely 
large, extremely deep and extremely costly - and present unprecedented 
technical challenges. 

Finally, BP remains a small player in this global business. Foreign national oil 
companies control more than 50 percent of global oil and gas production and 


2 

Prepared Statement of the Federal Trade Commission titled “Market Forces, Anticompetitive Activity, and 
Gasoline Prices: FTC Initiatives to Protect Competitive Markets, presented by William E. Kovacic, General 
Counsel, Before The Subcommittee on Energy Policy, Natural Resources and Regulatory Affairs Committee on 
Government Reform United States House of Representatives (July 7, 2004) at 8. 
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more than 80 percent of the world's oil and gas reserves. By comparison, BP 
represented roughly 3 percent of global oil and gas production, and less than one 
percent of global oil and gas reserves. 

It is impossible for BP to predict whether any further consolidation is 
contemplated among its competitors. 

28) In your testimony, almost all of you mention “more domestic drilling” as your top solution to 
high energy prices. What assurance can you provide that oil and gas from the Arctic National 
Wildlife Refuge (ANWR), the Outer Continental Shelf (OCS), or other domestic sources would 
stay in the United States? What is your response to economists that tell us that the oil and gas 
will likely go to higher priced markets in Japan and elsewhere? 


The export of crude oil to any destination requires a license from the Department 
of Commerce (see the provisions of 15 CFR Part 754 Short Supply Controls). 
Energy is traded on global markets. In general, increasing the supply, wherever 
sourced, of oil and gas can be expected to have downward pressure on prices. 

It is not advisable to interfere with supply and demand and liquidity by artificially 
restricting where energy commodities can be sold. Such artificial restrictions 
can cause price dislocations and disincentives to increased production. 


29) In May 2006, the Energy and Commerce Committee held a hearing on gas prices, and we 

di.scussed the crack spread, or the difference between a barrel of crude oil and the refined product. 
At this hearing, the average crack spread for a refinery in 2006 was estimated to be about $20 to 
$30 a barrel by Howard Gruenspect, the Deputy Administrator at the Energy Information 
Administration. Mr. Gruenspect testified that a crack spread of $8 or $9 is sufficient to cover 
refining expenses and provide a reasonable profit to the facility. What is your current crack 
spread at the refineries your companies operate? Why have your companies scaled back their 
refinery expansion plans to keep crack spreads high? 

The crack spread at a refinery references the cost of crude used at a refinery as 
compared to the market price for the refined petroleum products - it is often also 
referred to as a refining margin. The crack spread necessarily changes based on 
the market price of crude oil and refined products: these market prices are set 
by supply and demand. Crude properties vary as does the ability of different 
refineries to efficiently crack the crude to produce refined product. The various 
crudes have different prices and so BP publishes a Global Indicator Refining 
Margin (GIM). The GIM is defined in BP's March 2008 20-f at page 26 and was 
$9.94 per barrel. 

BP has not scaled back refinery expansion to keep crack spreads high. In fact 
BP intends to spend more than $5 billion at its Whiting and Toledo refineries to 
increase capacity at each plant 
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30) Please provide a list of oil and gas leases currently in the possession of your company and its 
subsidiaries, and give a status report as to the state of the production of each of these leases. 

The followina outlines BP lease maintenance practices and federal leases held by BP in 
the US. 

BP lease maintenance practices 

• BP has no "inactive leases, " are all under active review - seismic (acquisition, 
processing), or drilling (exploration or appraisal). 

• BP continuously manages its federal lease portfolio to determine if we have the 
appropriate activity underway and if we want to continue to pursue prospects. 

• If we decide not to pursue a prospect on a federal lease, our options are to: 

o make the acreage available to others in industry (sale/farm-out): 
o relinquish leases to the US Government. 

Gulf of Mexico/Offshore Federal Leases 

In 2007, BP had an interest in 704 federal leases in the Gulf of Mexico — the Outer 
Continental Shelf and in Deep Water (> 1200 feet). Of that total: 

• 124 leases are producing or are under active development. 

• 459 leases are in the exploration phase. BP is currently working these leases 
through its ‘prospect maturation process , ' where seismic programs are being 
developed: data is being acquired, processed, reprocessed: or prospects are 
under active exploration/appraisal drilling. 

• 37 leases were relinquished to MMS. 

• 84 leases were assigned, in part or in whole, to a third party, or expired. 

• Over the period from 2000 to 2007, in the Gulf of Mexico, we either made 
available to industry or returned to MMS an average of 75 federal leases per 
year. 

• Over the next five years 200 of BP's current federal leases in the Gulf of Mexico 
will expire if we, or others, choose not to pursue them further. 

Onshore (lower 48) Federal Leases 

Of the approximate half million federal net acres (708 leases) held by BP, onshore, in 
the Lower 48, only about 5% of the total net acres (~40 leases) are still within their 
primary terms, meaning they are under review for possible development, sale or 
relinquishment. The other 95% of the federal acres are held by production. Most of 
BP's activity onshore focuses on active development drilling of this existing acreage 
which Is held by production. 

Alaska Federal Outer Continental Shelf (OCS) Leases 

BP has six federal OCS leases in Alaska. 

• Three leases in the Northstar Unit are held by production. 

• Three federal leases are associated with the Liberty Unit We expect to begin 
drilling the first production well in 2010 and anticipate first oil production in 2011. 
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3 1) As fuel prices rose over the past 6 years, has American demand decreased? Why or why not has 
this occurred? If gas taxes were increased, do you think demand would decrease? 

Did this happen in European countries when then imposed large gas taxes? 

Yes, US demand is now declining: May 2008 consumption was 1.1% lower than 
a year ago. This is an economic response to higher prices. Increasing the price 
further with a tax would likely contribute to consumption being lower than it 
would otherwise be. Petroleum taxes in Europe increased after the oil shocks of 
the 1970s. Since 1990, European oil demand increased by 0.5% a year on 
average compared to 1.2% p.a. in the US. However, economic and population 
growth, key drivers of energy consumption, have also been lower in Europe. 

32) At current projections, when will your current reserves be depleted? 

At 2007 average rates of production, BP's year-end reserves for oil and gas 
would last 1 1 years and 15 years respectively. However, BP has a track record 
over the last 10 years of adding to its reserve base each year through 
investment in exploration and development. 

33) When do you expect underdeveloped countries will reach a level to where they will begin to 
significantly buy oil for use? How will this affect supply and fuel prices? 

Consumption from developing countries is already significant; it constitutes 40% 
of the global oil market Recent oil consumption growth has been largely 
concentrated in developing countries. While OECD demand fell by 390 kb/d in 
2007, consumption in developing countries grew by 1.4 Mb/d. The moderating 
effect of high prices, which in the developed world Is reducing consumption, is 
being overwhelmed in developing countries by rapid economic growth, 
industrialization, price subsidies and rising populations. 

34) If all conventional, alternative, and unconventional sources of oil in the U.S. were to be 
developed, how long would the supply last based on current estimates of increased usage? 

We do not know. We track global proven reserves in the BP Statistical Review 
of World Energy i www.bp.com/staTisticalreview ). where conventional US proven 
reserves would last 12 years based on current rates of production. The US data 
comes from EIA 

4ittp://www.eia.doe.aov/oil oas/natural aas/data publications/crude oil natural 
gas reserves/cr.html ). It does not include undiscovered oil, potential recovery 
rate improvement, or unconventional resources. 

More reserves are discovered and added to proven reserves every year. For the 
world as a whole, the reserves to production ratio has remained near 40 years 
for a long time despite growing annual production. How much conventional oil is 
ultimately recoverable or alternatives/unconventional produceable is determined 
by changing commercial, technical, and legal conditions. Also, significant 
promising acreage in the OCS and Alaska have not been explored, at least not 
with modern technology and equipment, so we cannot say how much is there. 

In addition, on consumption, it is by no means certain that it will always rise. In 
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fact, consumption has been falling in 2008 and could fall further depending on 
economic conditions, as people purchase more efficient cars, or if a carbon price 
is instituted, etc. A carbon price could also affect the production of 
unconventional resources, some of which are carbon intensive. 

35) Please describe to this committee your short, middle, and long-term plans for oil and renewable 
energy development. 

BP expects to spend $30 billion over the next five years to maintain production 
of natural gas from the Rocky Mountains, to renew critical Infrastructure in 
Alaska, to continue development of the deepwater Gulf of Mexico, to increase 
gasoline production from Midwest refineries, double the capacity of our 
integrated solar manufacturing plant and aggressively develop our 15 gigawatt 
wind portfolio. BP is investing in a portfolio of options to increase energy 
production both now and into the future. Because of the scale and complexity 
of our investments, their timing and impact will be felt across a 10-15 year 
planning cycle. The partial list below provides an indication of scope of our 
investments and the expected timing of their completion: 

Energy Biosciences Institute - $500 million (1-10 years) 

The institute is a joint collaboration with the University of California Berkeley, 
University of Illinois - Urbana Champaign and the Lawrence Berkeley National 
Lab. The project will look at the entire biofuels value chain - from feedstock to 
enzymes to process and on through to advanced biofuels molecules. 

Colorado Natural Gas - $2.4 billion (13 years) 

Increase ultimate recovery of coalbed natural gas from the San Juan Basin of 
southwestern Colorado by an estimated 1.9 trillion cubic feet The 13-year 
development program would increase current BP net production of 425 million 
cubic feet per day by more than 20 percent, and maintain production above 
present levels for more than a decade. 

Whiting refinery modernization - $3.8 billion (3-4 years) 

Upgrade and expand the Whiting refinery to increase Canadian heavy crude oil 
processing capability by about 260. 000 barrels per day. The project also has the 
potential to increase motor fuels production by about 15 percent, or about 1. 7 
million additional gallons of gasoline and diesel per day. 

Wind Power - $700 million (1-2 years) 

BP and its partners invested about $700 million in 2007 to develop wind capacity 
throughout the US, including California, Colorado and Texas. During 2008, BP 
will construct 5 US wind farms with a total generating capacity of 700 MW and a 
total value of over $1.5 Billion. This will bring our total installed capacity of wind 
generation to over 1 ,000 MW by the end of 2008. By2010, we expect to have 
2,400 MW installed. This is enough power to meet the needs of 720,000 
households. 

Solar Manufacturing Expansion - $97 million (1 year) 
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BP is expanding the BP Solar manufacturing facility in Maryland, nearly doubling 
its capacity. When completed in 2009 the plant wilt have a manufacturing 
capacity of 150 MW in its casting and sizing processes. 

Deepwater Gulf of Mexico - $20 billion (1-10 years) 

BP is increasing exploration and production of oil and gas from deepwater 
reservoirs in the U. S. Gulf of Mexico. BP will continue development plans to 
explore new lease area and bring producing areas on-line. BP's Atlantis platform 
just began production at the end of 2007 and our Thunderhorse platform will 
begin production by the end of 2008. At capacity, these platforms will supply an 
incremental 400, 000 bbl/day of oil. 

Alaska renewal - $685 million (ongoing) 

BP is investing hundreds of millions of dollars in Alaska each year to 
commercialize and produce the billions of barrels of known oil resources in our 
Alaska portfolio. We have enough known oil and gas resources to sustain 
production for the next 50 years but this will require billions of dollars in new 
investments. 

Wyoming Natural Gas - $2.2 billion (1-15 years) 

Over the next 15 years BP will double our natural gas production in Wyoming. 
Several hundred new wells are planned in the Wamsutter Field, BP's largest 
onshore development drilling program. 

Husky Energy Joint Venture - $5.5 billion (5-7 years) 

BP and Husky will jointly develop Canadian oil sands resource and upgrade and 
modernize BP's Toledo, OH refinery. When fully operational the project is 
expected to deliver an incremental 200,000 bpd of oil to the US market and 
allow Toledo to produce 600,000 gpd more product to Midwest consumers. 

Denali - The Alaska Gas Pipeline - $30+ billion (10 years) 

BP and ConocoPhillips have launched this project to bring 4 Bcf of Alaska gas to 
markets in the lower 48 states. The project is expected to cost in excess of $30 
billion and will be the largest private sector construction project ever built. Near 
term spending will be to advance the project to an open season within the next 
36 months. 

36) Please provide the Committee with any and all documents related to BP’s participation in Vice 
President Cheney’s energy task force. 

Please see the attached pdf files for the material provided to A. Lundquist on VP 
Cheney's staff for consideration in the drafting of the Administration's energy policy. 

37) On Page 7 of your testimony, you say “As we look to the future, the US investment climate is 
deteriorating” and that “stumbling blocks exist across the energy profile and are not just confined 
to oil and gas activities.’’ Could you tell us what you think the biggest causes of the investment 
problem and what kind of ripple effect we can expect to see in our economy? 
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There is no single policy option that applies equally to the development of all energy 
sources. However, there are several overriding principles that are essential to every 
investment decision - fiscal, legal and regulatory certainty. Uncertainty in any one of 
these areas increases project risk and ultimately leads to higher development costs. 
For this reason, policymakers should go to great lengths to create a long-term, 
stable energy policy that will provide the proper confidence and guidance for 
investors to make the huge investments necessary to supply the nation's growing 
energy needs into the future. 

An example of one such policy is the need to create a national climate change 
framework. Absent this policy, energy providers, power producers, manufacturers 
and consumers won't have the ability to adequately price carbon and make the 
necessary investments and operational changes required to reduce the potential 
impacts of climate change. Furthermore, existing laws (Clean Air Act, Endangered 
Species Act) are being used by NGOs and others as surrogates for climate policy. 
These laws are not well suited for this purpose and could significantly curtail needed 
energy investment in the US. 


38) What do you see as the most interesting prospect for non-food biofuel production? 

BP's $500 million investment in the Energy Biosciences Institute (EBI) will research 
alternative feedstocks, enzymes and processes for the manufacture of biofuels. 

Early results suggest that an energy grass called miscanthus holds great promise. 
Our EBI partner. University of Illinois - Urbana Champaign has been studying 
miscanthus for several years. It is a low-input, fast growing, high yielding crop that 
can deliver up to 3 times the amount of biofuel per acre as conventional corn-based 
ethanol. More work is necessary to further unlock this potential but we are 
confident that the EBI work will deliver a commercial application in next several 
years. 

39) On Page 8 of your testimony, you say “Our nation, with 5% of the world’s population, demands 
25% of the daily world production. I don’t think this is sustainable.” What do you think the best 
policy is for sustainable development of our oil and gas resources? 

Policies that allow for the continued development of all US energy resources (oil, 
gas, coal, nuclear, wind, solar, biofuels, alternatives) are essential to meeting the 
future energy needs of US consumers. There is no single energy source that is 
capable of supplying US energy needs. It will take a portfolio of options including 
access to resources, legal and regulatory certainty, economy-wide carbon price and 
transitional incentives to enable resources of all types to be adequately developed. 

40) On Page 8 of your written statement, you note the non-financial opportunities that you think 
would be effective in stimulating additional investment. What do you think the most important 
non- financial opportunities are for all areas of energy development? 

There is no single policy option that applies equally to the development of all energy 
sources. However, there are several overriding principles that are essential to every 
investment decision - fiscal, legal and regulatory certainty. Uncertainty in any one of 
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these areas increases project risk and ultimately leads to higher development costs. 
For this reason, policymakers should go to great lengths to create a long-term, 
stable energy policy that will provide the proper confidence and guidance for 
investors to make the huge investments necessary to supply the nation's growing 
energy needs into the future. An example of one such policy is the need to create a 
national climate control framework. AJasent this policy, energy providers, power 
producers, manufacturers and consumers won't have the ability to adequately price 
carbon and make the necessary investments and operational changes required to 
reduce the potential impacts of climate change. 

4 1 ) On Page 9 of your testimony, you note that if biofuel producers can’t supply and if bio-fuel 
manufacturers can’t produce - it is the fuel retailers that will pay the penalty - have you 
estimated how much this scenario could increase the cost of fuel for the consumer? 

The penalty is nominally based on the price differential between gasoline and 
ethanol prices, not to be less than $0.25/gallon. 

42) In your opinion, does the US have an energy policy that forces oil and gas companies to seek 
foreign resources while at the same time politicians complain about how much foreign oil we 
import? What do you think the right policy is to increase domestic production? 

Energy infrastructure development relies upon the ability to explore and develop a 
resource base. Thus, having access to resources provides confidence to the 
marketplace to invest for the long-term development opportunities. Energy 
investment lagged for nearly a decade beginning in the mid- 1 980' s largely due to 
low energy prices and restricted opportunities. Energy hiring stalled, skilled workers 
redeployed, interest in technical study at universities lagged and manufacturing 
capability went overseas. These trends take years to reverse and concerted policy 
support to correct. Thus a clear, comprehensive, long-term approach to energy 
development is necessary to provide the proper signal to stimulate increased 
productive capacity. 


43) You note on Page 12 of your testimony that many countries subsidize prices in their domestic 
energy markets - what notable countries have such practices and how would that compare to so- 
called US oil subsidies? 

The subsidies I referred to on page 12 are consumer subsidies. Many oil exporting 
countries have such subsidies which reduce the amount individual consumers pay 
for energy. The highest rates of subsidies tend to be found in oil exporting countries, 
like OPEC members including Venezuela and Iran. Many rapidly-developing oil- 
importing Asian countries also have consumer subsidies, though they have been 
reducing the amount of subsidies in 2008 as their fiscal burden or distortionary 
effects increase, examples include China and India. The US has no similar consumer 
subsidies for oil and gas. 
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44) On Monday, March 31, 2008, litigation was settled with the result that Delaware can deny BP the 
ability to build the Crown Landing LNG terminal. What federal/state regulations are needed to 
mitigate such issues? 

BP was disappointed in the Supreme Court's decision, however, it is important to 
note, while the Supreme Court's decision allows Delaware to block the construction 
of an LNG unloading pier in Delaware waters as initially proposed, it does not allow 
Delaware to block the construction of the facility on New Jersey's shore. Therefore, 
BP is committed and continues to evaluate its options to construct the Crown 
Landing terminal and pier project. 

Any LNG project applicant seeks statutory and regulatory certainty throughout the 
process. The statutory and regulatory framework, both on the Federal and State 
levels, must provide a clear and predictable path forward for the applicant so that if 
the applicant is aggrieved by a particular action by a governmental agency, the 
applicant can have the matter ultimately resolved in a timely manner and not face 
the uncertainty of seemingly endless delays in rendering a decision by either the 
agencies or the courts. Ultimately, the US needs one federal agency, with final 
authority, that takes into consideration the national interest and input from state and 
local, and determines whether or not these energy infrastructure projects are in the 
public interest. 

45) Mr. Malone (BP), in your testimony you mentioned the Whiting, Indiana refinery modernization 
as one of BP’s major investments. I was one of several Great Lakes members that raised 
concerns after BP convinced the Indiana Department of Environmental Management to allow BP 
to dump an additional 1,584 pounds of ammonia, an increase of 54 percent; and an additional 
4,925 pounds of suspended solids, an increase of 35 percent, into the lake each day. With record 
profits, why do you have to pollute the Great Lakes as you refine oil? 

BP continuously strives to run its operations against the standard of "do no harm to 
the environment " This practice requires BP and its operators to rely upon the laws, 
regulations and standards passed and adopted by policymakers at the Federal and 
State level. The original Whiting refinery water discharge permit met all State and 
Federal requirements and with the exception of the amounts for ammonia and 
suspended solids, at levels at or below the previous permit limits. However, 
because of community and policymaker concerns we agreed to limit our discharge 
levels of ammonia and suspended solids to the previously permitted levels as well. 
We are confident that we will be able to apply new technology in a way to minimize 
these discharge levels but this commitment does pose a risk to the viability of the 
Whiting refinery upgrade. 

Policymakers rightfully ask and expect the industry to make the investments 
necessary to supply the growing energy needs of the consuming public. BP has 
responded by investing its profits dollar for dollar in energy projects in the US. It is 
our hope and expectation that policymakers will stand-by the laws and regulations It 
enacts so that industry has the certainty it needs to support these investments. 
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Chevron 


Chevron Biofuels Research Collaborations 



Chevron Technology Ventures 


Large-Scale Commercial Production: Partnership is Key. 


Bringing Ceilulosic Biofuels to 

The scientific, technical, and 
logistical challenges of bringing 
ceilulosic biofuels to large-scale 
commercial production are too large 
for any one organization or industry 
to tackle alone. 

A strong, sustainable hiofuels 
industry can emerge only through 
the combined efforts of industry, 
university and national laboratories, 
and governments. That’s why 
Chevron has formed strategic research 
alliances with leading organizations 
in each of these groups. 

Catchiiqht Energy LLC 

In February 2008, Chevron and 
Weyerhaeuser Co., one of the 
nation’s largest forest products 
companies, formed a 50-50 joint 
venture - Catchlight Energy LLC 
- to develop the next generation of 
renewable transportation fuels from 
nonfood sources, 

Catchiight’s initial focus is developing 
and demonstrating novel technologies 
for converting cellulose and lignin 
from a variety of sources inro 
economical, low-carbon biofuels. 

The venture leverages Chevron’s 


technolc^y capabilities in molecular 
conversion, product engineering, 
advanced fuel manufacturing, and 
fuels distriburion with Weyerhaeuser’s 
expertise in collection and 
transformation of cellulosics into 
engineered materials, land stewardship, 
crop management, biomass conversion, 
and capacity to deliver sustainable 
cellulose-based material at scale. 

National Renewable Energy 
Laboratory (NREL) 

In September 2006, Chevron 
Technology Ventures (CTV) entered 
into a five-year agreement with 
NREL to research and develop 
new production technologies for 
biofuels. Researchers from CTV and 
NREL are collaborating on projects 
to develop the next generarion of 
process technologies that will convert 
ceilulosic biomass, such as forestry 
and agricultural wastes, into biofuels 
such as ethanol and renewable diesel. 
They are also working to identify 
and develop algae strains that can be 
economically harvested and processed 
into finished transportation fuels such 
as jet fuel. 


Georgia Institute of 
Technology 

In June 2006, CTV and the Georgia 
Institute of Technology formed a 
strategic research alliance to pursue 
advanced technology aimed at making 
ceilulosic biofuels and hydrogen 
viable transportation fuels. Chevron 
will contribute up to $10 million 
over five years for research into and 
development of these emerging energy 
technologies. 

The alliance is focusing its research 
on four areas; production of 
ceilulosic biofuels, understanding the 
characteristics of biofuel feedstocks, 
developing regenerative sorbents 
and improving sorbents used to 
produce high-purity hydrogen. 

(During hydrogen production, sorbent 
materials are used to remove gases 
such as carbon monoxide, carbon 
dioxide, and nitrogen.) 

Another focus area is understanding 
the characteristics of biofuels 
produced from different feedstocks 
and their effects on biofuel production 
processes. Defining the properties of 
various biofuels will help in the design 
of equipment and procedures to 
accommodate different feedstocks. 
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University of California 
at Davis 

In September 2006, CTV and 
UC Davis executed a five-year 
research agreement for collaborative 
R&D directed at the development of 
technology for production of liquid 
transportation fuels from biomass 
feedstocks. Chevron will contribute 
up to $25 million over five years for 
research into and development of 
these emerging energy technologies. 

The objective of the Chevron- 
UC Davis research is to develop 
commercially viable processes for the 
production of transportation fuels 
from renewable resources such as new 
energy crops, forest and agricultural 
residues, and municipal solid waste. 
The collaboration calls for research 
in biochemical and thermochemical 
conversion, as well as a demonstration 
facility to test the commercial 
readiness of these technologies. 

Chevron and UC Davis formed the 
collaboration because their research 
and development goals related to 
emerging energy technologies are 
closely aligned. 

The collaboration is expected to focus 
irs research on four areas: 

■ Understanding the characteristics 
of current California biofuel 
feedstocks; 

■ Developing additional feedstocks 
optimized for features such as 
drought tolerance, minimal land 
requirements, and harvesting 
technology; 

■ Production of cellulosic biofuels; 

■ Design and construction of 
a demonstration facility for 
biochemical and thetmochemical 
production processes. 


Texas A&M University 
In May 2007, CTV and the Texas 
A&M Agriculture and Engineering 
BioEnergy Alliance (Texas A&M 
BioEnergy Alliance) announced 
a strategic research agreement 
to accelerate the production 
and conversion of crops for 
manufacturing ethanol and other 
biofuels from cellulose. Over a 
four-year period, CTV will support 
research initiatives that will focus on 
several technology advancements to 
produce biofuels including: 

■ Identifying, assessing, cultivating, 
and optimizing production 

of second-generation energy 
feedstocks for cellulose and 
bio-oils with a focus on non-food 
crops; 

• Characterizing and optimizing 
the design of dedicated hioenergy 
crops through advances in 
genomic sciences and planr 
breeding; 

■ Developing integrated logistics 
systems associated with the 
harvest, transport, storage, and 
conversion of bioencrgy crops; 

■ Developing advanced biofuels 
processing technologies. 

Colorado Center for Biorefining 
and Biofuels 

Chevron is a founding corporate 
member of the Colorado Center for 
Biorefining and Biofuels (C2B2). 

The research focus of the center 
is on the identification of biomass 
energy crops and rhc development of 
advanced conversion technologies. 
Participating research institutions 
in C2B2 include the University of 
Colorado at Boulder, Colorado 
School of Mines, Colorado State 
University and NREL. 


Chevron's Biofuels 
Research and 
bevelopiment 
Objectives: 

■ Identify, assess, cultivate, 
and optimize production 
of energy feedstocks for 
cellulose and bio-oils, with 
a focus on nonfood crops. 

■ Characterize and 

. optimize the design of 
dedicated bioenergy 
crops through advances : : 
in genomic sciences and ! ; 
plant breeding. 

:■ Create integrated 
logistics systems for 

• the harvest, transport, 
storagei and conversion ■ 
of bioenergy crops. 

■ Develop advanced . 
biofuels processing 
technologies. ' 




Chevron Technoto^y Ventures 

3901 Briarpark 
Houston, TX 77042 

www.chevroacom/tectinoloqvventurcs 


Chevron Tecrinology Ventures, a (Jiviston of Chevron USA Inc. kierrtifies. develops 
and commerciaiires ernerging technologies atrd new energy systems. 


#3 2008 Chevron Technology Ventures, Ad rights reserved 
C8RES/IDC Houston 06464? 04/08 
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April 17, 2001 


Mr. Andrew Lundquist 
Director 

National Energy Policy Development Group 

Vice President’s Office 

281 Old Executive Office Building 

1 7'*’ Street and Pennsylvania Avenue, NW 

Washington, DC 20504 

Dear Andrew: 

It was good to see you again the other day, and I promised to revert with some more 
specific ideas as you finalize the task force energy framework. 

Natural Gas 

Firstly, it seems that it would be very powerful for the administration to make the point 
that the overall energy policy is better for the environment than the prior situation. The 
key to this is gas - it is much cleaner than any of the options, and to the extent that the 
policy positively encourages gas use and production, you will be able to make this 
important claim. You mentioned that there is some concern over the long term gas 
supply situation, and Attachment 1 contains some data which 1 think you might find 
helpful in understanding our view of the long and short-term gas supply situation. In 
short, we believe we are now beginning to see supply side responses to recently increased 
drilling. Getting the gas into the U.S., and transporting it, can be assisted as noted below. 

Some specific measures would be helpful to encourage the supply into the U.S., and the 
transportation of gas around the U.S. Increased gas imports also helps in energy security 
for the U.S., since we believe the security is related directly to the diversity of sources. 
There are two specific areas to look at: 

a) LNG 

There is a need to facilitate investment into LNG import terminals. If LNG 
regasification facilities were treated as equivalent to processing facilities, 
consistent with their production-related function and, therefore, not regulated as a 
jurisiticional facility under NGA Section 7, investment would be facilitated. As 
you know, we, and others, are considering investment into regasification facilities. 
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Mr. Andrew Lundquist 
April 17, 2001 
Page Two 


in order to import LNG into the country. Our estimates suggest up to 3bcf/day of 
incremental LNG supply into the U.S. could be facilitated with the right policy 
incentives. Additional detail is contained in Attachment 2. 

b) Pipeline Allocation and Rate Making Policies 

To facilitate efficient investments in infrastructure, a number of changes would be 
proposed to existing allocation and rate-making procedures as summarized in 
Attachment 3. 

Fuels 

With respect to fuels and the distribution aroimd the United States, it is clear we need to 
move toward a more fungible system to reduce price volatility. As a general principle, 
policy actions should mandate the required outcome, rather than the specific chemistrjf as 
is currently the case. RFG currently presents an issue with regard to the oxygen mandate; 
it is possible there will be multiple requests for oxygen waivers from individual states as 
they seek to ban MTBE. This situation will get complex, and cries out for federal pre- 
emptive action. 

Strictly, our view is that we don’t actually need oxygenates in gasoline at all. To the 
extent that they are mandated for whatever reason, the industry should be phasing out 
MTBE. That leaves ethanol. Ideally, if the objective is to encourage ethanol production, 
this should be handled under the right statute. That may be politically infeasible, but to 
the extent that it is mandated in gasoline, this must be done under a national pooling and 
trading program if gasoline price volatility is not to be increased. 

This recommendation will improve the fungibility of the gasoline system and, in any 
event, is a clear answer to a problem which seems inevitable without some federal action. 

Renewables 

You also asked for some ideas about how to encourage renewables without offering 
specific tax breaks. Two particular suggestions come to mind: 

a) Net Metering Nationwide 

Implement net metering systems in all states to allow distributed power systems to 
be connected to the power grid. This would increase the incentive for consumers 
to implement a variety of distributed power systems. 

b) Facilitate and Promote Incentives for Residential Solar Energy Systems 
Where state funded programs have been implemented, demand for residential 
solar power systems has increased dramatically — a $3.00 per watt subsidy direct 
to the consumer is the approximate order of magnitude. 
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Fiscal 

Lastly, we talked about direct tax incentives. Clearly, one must tread carefully here, but 
it might be helpful to outline some specifics to the extent that they would have positive 
and measurable impact on production. 

• Extending Section 29 credit to new wells will clearly encourage drilling and 
enhance production. 

• Extending Section 29 relief to cover heavy oil would result in specific actions in 
Alaska to increase production. Our estimates are that 60-70MBD could be 
facilitated in the near term. 

As you noted, this would have to be specific and measurable, but I have no doubt the 
industry could provide such specifics. 

As a principle we prefer the use of market forces, development of competition, and light 
handed regulation, using traditional regulation only when monopoly market power exists. 

We also talked about technology and NSR. I have sent these under separate cover and 
hope that they are useful to your deliberations. 1 will also send you our current ideas on 
climate change, along with biographies for Charles Nicholson and Jeff Morgheim as 
discussed. 

I hope we’ve pitched these recommendations with sufficient specificity to be helpful to 
you. 

1 look forward to seeing you soon. 

Sincerely, 


JAM/jw 


Attachments 



Source; EIA 
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Attachment 2 


Policy to Encourage International Production and Importation of 
Liquefied Natural Gas (LNG) 


Summary of Proposed Policy 

The construction of new LNG import terminals is needed in the U.S. to help meet the growing 
demand for natural gas. A sound national energy policy should encourage producers of LNG 
to construct new LNG terminals in the U.S. To accomplish this goal, two specific policy 
initiatives are key: 

- Allow the capacity at new LNG import terminals constructed by LNG producers to be 
utilized by the LNG producer, as needed, for its LNG supply. 

- Expedite permitting by FERC and other governmental agencies having jurisdiction, by 
simplifying the process and appropriating sufficient personnel and other resources to 
these agencies. 

Proprietary Use of Terminal Capacity by LNG Producers/Terminal Owners 

FERC has historically invoked the Natural Gas Act (NGA) to regulate LNG terminals under: 

a) NGA Section 7 relating to construction of facilities used to transport gas in interstate 
commerce, and 

b) NGA Section 3 relating to construction, operation and siting of facilities used to 
import or export gas ifom foreign countries. 

Existing LNG terminals, the majority of which are owned and operated by pipeline 
companies, have been, or are expected to be, operated under open access regulations 
appropriate to their status and function as pipeline-owned and operated extensions of the 
pipeline system. While pipeline companies are likely to look with continuing interest toward 
the development of new LNG terminals, it will be important to implement policies that also 
will encourage LNG producers to invest in and operate such facilities. The existing idle LNG 
import capacity built in the 1970’s is now fully contracted with deliveries expected to 
commence by mid-2002. It is expected that up to 3 BCF per day of incremental LNG supply 
can be delivered to the U.S. market by 2010 with the appropriate policy initiatives. To 
facilitate and encourage construction of producer-owned/operated LNG terminals, FERC 
should adopt a policy that it will assert only its jurisdiction under NGA Section 3 (i.e. not 
under NGA Section 7) and will not impose an open access obligation. The reasons for this are 
as follows: 

- LNG terminals built by LNG producers are a critical part of the integrated production 
process needed to treat and deliver gas into the U.S. pipeline grid. Producer-owned 
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terminals are analogous to gas processing plants or other traditionally 
nonjurisdictional production-related facilities for which an open access requirement is 
considered unnecessary. 

- International LNG development is extraordinarily complex with numerous 
partnership, host government, technical and commercial risks. Lack of assured 
terminal capacity for proprietary use will make it difficult for producers to justify the 
major investment needed for integrated LNG projects (i.e. wells, liquefaction, 
shipping and terminals), greatly reducing the likelihood that sufficient LNG terminals 
will be built in the U.S., and thus reducing the availability of LNG to meet U.S. energy 
needs. 

- Proprietary utilization of LNG terminal capacity by LNG producers will not impede 
competition or consumer access to the supplies, as interested parties will have open 
access to the capacity of the pipelines into which the regasified LNG flows. 

- Producer-owned LNG terminals will be constructed at the producer’s risk, unlike 
pipeline-owned terminals where the cost is included in the pipeline company’s rate 
base and captive pipeline customers become exposed to the risk of the investment. 

- The assertion of Section 3 jurisdiction only, with no open access requirement, is 
within the scope of FERC’s discretion and authority and consistent with its obligation 
to protect consumer interests. 

With such a policy in place, international LNG producers would be able to invest with a high 
level of assurance that their supplies can access U.S. terminals and utilize terminal capacity 
with the operational flexibility that international LNG projects require. This policy will not 
preclude pipelines or gas traders from constructing “merchant” LNG terminals that may also 
attract LNG supplies available on the world market, nor preclude LNG producers from 
offering interruptible service to others using excess proprietary capacity in producer 
owned/operated LNG facilities. 

Simplification and Expedition of Permitting 

Before construction of a new LNG terminal in the U.S. can be commenced, FERC currently 
requires that certain authorizations be issued. This process has historically been very 
burdensome and time consuming. Under current permitting procedures, preparation of 
requests for authorization for a new LNG terminal and approval by the FERC would likely 
require 2 to 4 years for completion. With the critical need for new sources of energy to be 
brought on line quickly for U.S. consumers, it is imperative that the federal government 
reduce permitting delays by simplifying the application and approval process to the maximum 
extent possible consistent with appropriate safety and environmental concerns. The allocation 
of sufficient governmental agency resources for the review of permit applications will also be 
critical to expediting the overall permitting process. As FERC is not the only agency 
involved, the review and approval process at all other agencies involved should also be 
simplified and expedited. Expedited governmental approvals for LNG terminals are a 
prerequisite if LNG producers are to proceed quickly with the tremendous investments 
required for overall integrated LNG projects, and if LNG is to achieve its potential as an 
important and timely source of energy for U.S. consumers. 
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Attachment 3 


Policy Modifications Necessary To Facilitate the Expeditious Development and Efficient 
Operation of Federally Regulated Natural Gas Pipeline Infrastructure 


Summary of Proposed Policy 

The flow of natural gas to meet America’s growing energy needs would be facilitated through 
federal level natural gas pipeline related policies that; 

1) Facilitate the expeditious construction of natural gas pipeline transportation and 
storage infrastructure, 

2) Result in a more market-oriented and efficiency enhancing pipeline ratemaking 
process, 

3) Prevent the exercise of monopoly market power, whereby promoting more 
competitive markets, and 

4) Promote, unlike current policies, the development of new offshore natural gas 
supplies. 

The adoption of such policies is necessary to meet, in a low cost and timely manner, the 
Nation’s growing natural gas demand 

In support of these objectives, the following modifications to existing Federal regulation, 
particularly to the policies and procedures of the Federal Energy Regulatory Commission 
(FERC) are needed; 

1. Expedited and coordinated environmental review by all involved Federal and State 
agencies is required to speed up the certification and construction of new natural gas 
pipeline facilities. 

Currently, the environmental review process, including the review of landowner impacts, 
is the longest lead time variable in the approval process for new interstate pipeline 
facilities. As such, administration directives which require high priority, coordinated and 
non-duplicative agency actions with regard to enviromnental review will lead to a more 
expeditious, but never-the-less comprehensive, environmental assessment. 

Similarly, regarding the minimization of land-owner impacts, a proactive forward looking 
regional planning process among states should be encouraged, which seeks to identify 
intra-regional corridors for utility siting. This regional plaiuiing process should seek to 
minimize aggregate impacts by utilizing existing rights of way to the maximum practical 
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extent, while seeking to reserve from development, land that may be necessary to facilitate 
the future growth of energy delivery systems. 

Of particular importance is to prevent delays in infrastructure development associated 
with the construction of new facilities which pass through one state in order to provide 
expanded service in other states. This regional plaiming approach should be encouraged 
for the siting of both natural gas pipelines and electric transmission facilities. 

The development of Alaskan gas and its possible transportation by pipeline to the L48 is 
being actively worked by us, and our partners. The scale and complexity of this project 
should it proceed will be greatly assisted by expeditious decision making at both the 
Federal and State levels 

2. The introduction of performance-hased incentive mechanisms into the FERC's 
pipeline ratemaking methodology is necessary to increase the effieieney of natural 
gas markets. 

The FERC's pipeline ratemaking methodologies should be modified to more effectively 
promote efficient natural gas markets. Although current practices encourage pipelines to 
become lower cost operators, they do little to facilitate the pass through to customers of 
pipeline efficiency gains. In competitive markets, service providers have to continuously 
pass efficiency gains on to customers, or lose their business. 

As such, the FERC’s current ratemaking methodology should be modified to better align 
the economic interests of pipelines and shippers through the adoption of incentivized 
ratemaking, which rewards both pipelines (through the potential for achieving higher rates 
of return) and shippers (through lower rates). 

There is no need for the FERC to offer enhanced (above market) rates of return to 
pipelines in exchange for expedited capacity expansions. The record of proposed pipeline 
projects clearly indicates that extraordinary rates of return are not necessary to induce the 
timely expansion of pipeline infrastructure. 

3. To enhance competition in natural gas markets, the FERC should require that 
pipelines adopt a standardized capacity allocation procedure, which minimizes the 
opportunity for anti-competitive affiliate preferences and speculative capacity 
acquisitions made with the intent to manipulate natural gas prices. 

The FERC should require natural gas pipelines to adopt capacity allocation procedures 
which eliminate the structural advantage that companies affiliated with the pipeline 
currently enjoy in obtaining capacity. Current FERC policies whieh favor affiliate 
transactions lead to market distortions, are anti-competitive in their effect, and exacerbate 
natural gas price volatility by facilitating the ability of the pipeline and its affiliates to 
manipulate the price of the gas commodity by constraining capacity availability. 
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Similarly, the FERC should be encouraged to minimize the opportunity for pipelines to 
enter into speculative profit sharing contracts with non-affiliates which eliminate the 
incentive for the pipeline to compete with the shipper. Such speculative contracts result in 
increased price volatility by reducing the level of competition. 

4. Modification of the FERC’s new, and potentially disruptive policies, with regard to 
offshore pipelines and production related facilities is necessary to continue the long 
standing orderly and efficient development of new OCS natural gas supplies. 

The FERC should be encouraged to return to the highly effective OCS regulatory policies 
in effect prior to its recent (1999-2000) orders. These new policies, which have been 
opposed by producers, have the potential to undermine decades of orderly and expeditious 
development in the Gulf of Mexico. 

In a recent order involving Sea Robin pipeline (1999), the FERC unreasonably decided to 
allow the partial deregulation of monopoly pipeline systems in the OCS, This order has 
the potential to result in unjustified and confiscatory price increases for captive shippers. 

In fact, the FERC issued the Sea Robin order without making any attempt to determine 
whether Sea Robin was operating in a competitive enviroiunent, or whether captive 
shippers had a meaningful choice of service providers. As a result the Sea Robin order 
has the potential to add great cost, uncertainty and delay to the development of offshore 
natural gas resources. 

In Order No. 639 (2000), the FERC has inexplicitly and without any evidence of need, 
decided to depart from over 50 years of regulatory stability in the OCS, by extending its 
teach to previously unregulated offshore production related facilities, including non- 
pipeline facilities such as production and processing platforms. It is ironic that in a period 
when the FERC is attempting to exercise more light-handed regulation of pipelines, that it 
would impose regulations on offshore producers operations, without the showing of any 
public benefit to be gained by doing so. 
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April 30, 2001 


Mr. Andrew Lundquist 
Director 

National Energy Policy Development Group 

Vice President’s Office 

281 Old Executive Office Building 

17“' Street and Pennsylvania Avenue, NW 

Washington, DC 20504 

Dear Andrew: 

When last we spoke, we discussed the need for technology related examples to 
facilitate the communication of the national energy policy recommendations. I am 
sending the following set of slides: 

1 . Oil Field Imaging. The state of seismic and reservoir imaging technology has 
significantly improved through the use of computer technology. Underground 
reservoi" details are displayed quicker and with greater clarity. The comparison 
of conventional techniques with enhanced technology is illustrated in the first two 
figures. 

2. Drilling Technology. Advances in drilling techniques have greatly improved 
productivity. Today’s driUing methods allow the targeting of specific structures 
leading to fewer surprises, lower costs and greater overall hydrocarbon recovery. 
Two examples are illustrated in the slides 3 and 4. 

3. Field Development. The merging of drilling technology with enhanced imaging 
leads to even greater production efficiency. I have included a slide showing a 
North Sea development example. 

4. Fuel Cells. Fuel cell vehicles are at the cutting edge of technology. While these 
vehicles are not in production, current designs are based on existing vehicle 
platforms using current hybrid design characteristics. I have attached two slides 
to show the process and a proposed vehicle design. 

I hope these examples are helpful and I look forward to seeing you again soon. 
Sincerely yours, 


FH/JP 

Attachments 



347 




348 









350 




351 




352 




353 


Chevron 



June 7, 2006 


Lisa 8. Barry Policy, Govamment and 

Vice President and Public AfTairs 

General Manager Chevron Government Affairs 

1401 Eye Street, NW 
Suite 1200 

Washington, DC 20005 
Tel 202 408 5800 
Fax 202 408 5845 
lbbarry@chevron.com 


Via Facsimile Via Facsimile 

202 225 3052 202 226 0371 

The Honorable Joe Barton The Honorable J(An D. Dingell 

Chairman Ranking Member 

Committee on Bnergy and Commerce Cmnmittee on Energy and Commerce 

U.S. House of Representatives U.S. House of Representatives 

2125 Rayburn House Office Building 2328 Rayburn House Office Building 

Washington, DC 20515-4306 Washington, DC 20515-2215 

Dear Chainnan Barton and Ranking Member Dingell: 

In two recent Energy and Commerce Committee hearings, and in a recent letter addressed to Chainnan 
Barton, various Members of the Committee have referred to and commented on what has been described 
as a '^Chevron document’* dated November 30, 1995. The document has been used to create the 
inaccurate impression that the oil industry in general, and Chevron in particular, have pursued a strategy 
of closing refineries and reducing refining capacity in order to increase profits. Because the document at 
issue has never been quoted in fUll and in context, and because it certainly does not reflect either 
Chevron’s policy or activities, 1 am writing in an effort to make clear both the document’s origins and 
Chevron’s own expansions of refining capacity in the United States during the last decade. 

While only a fragment of the document has been quoted by Members in the recent letter and hearings, the 
paragraph of which that fragment is a part makes clear that the employee who wrote it was neither 
off^ing his own s^ice nor describing Chevron’s bisiness plans. The full paragraph reads: 

**RefiniDg/Marketnig^&D: A seiik>r energy analyst at the recent API convention warned that if 
the U.S. petroleum industry doesn’t reduce its reEning capacity, it will never see any substantial 
increase in refining maigins, pointing out the recent volatility in refining margins ovot the past 12 
months. U.S. average refming margins were sitting at the break-even point of $3/bbl in March, 
surged to $6/bbl in May, then dro{:^>ed to 50cts/bbl in SejXember before crawling up to the present 
margin of $2/bbl. In the last nine months, gasoline demand has been healthy and inventories have 
remained close to record lows, factors that should normally lead to higher prices. However, 
refining utilization has been rising, sustaining hi^ levels of operations, hereby keeping prices 
low. Implication: In what alternate modes can the refinery operate given low-margin 
economics?^ 
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The “senior energy analyst” being paraphrased here was not an employee of API, Chevron or any other 
oil company. His remarks were heard not only by industry representatives but by all other attendees at his 
speech, including the trade press, which later reported on die speech. 

The remarks, offered near the end of 1995, make apparent diat for several months of that year, the U.S. 
refining industry on average lost money on every barrel of oil it refined. In fact. Chevron’s 1995 U.S. 
downstream earnings were down by 77% compared to 1994. By comparison, our U.S. downstream 
capital expenditures in 1995 were nearly 12 times what we made that year in that segment of our 
business, and nearly three times what we had made in the preceding year. Indeed, during 1994 and 1995, 
we spent approximately $1 billion on new fiicilities at our two California refineries, in El Segundo and 
Richmond, to make a unique blend of cleaner-burning gasoline mandated by the California Air Resources 
Board (CARB). 

More to the point, in the ten years since that memo was written, and contrary to the analyst’s remarks in 
November 1995, Chevron has not closed a single refinery. We operated six U.S. refineries at that time - 
in El Segundo and Richmond, California; Pascagoula, Mississippi; Salt Lake City, Utah; Honolulu, 
Hawaii and £1 Paso Texas. We still operate the first five refineries, and sold our interest in the sixth (El 
Paso) to a third party which is still operatiitg it. In addition to the CARS gasoline investments mentioned 
above, we have also invested substantial sums to expand gasoline production capacity. Most recently, in 
2005, we completed a modification at £1 Segundo to increase its ability to produce more gasoline and 
other light products. We have also begun a similar modification at our Pascagoula, Mississippi refinery, 
to increase its ability to produce gasoline - a project we hope to complete by the end of 2006. 

During the Committee’s September 7, 2005 hearing entitled “Hurricane Katrina’s Effect on Gasoline 
Supply and Prices,” in an exchange with a witness from the Department of Energy, Rep. Markey stated: 

“Chevron said that in its document in 1995, they said, we will never see any substantial increase in 
refining margins if we don’t reduce — if we don '( reduce, that Is, Chevron doesn 't reduce its 
refining capacity.” (Emphasis added.) 

Rep. Stupakmade a simitar reference to the 1995 document in the Committee’s hearing on May 10, 2006. 
Even more recently, in a letter addressed to you, several Membera characterized the document as follows: 

“In this Chevron document, the author described how the refining industry would not be able to 
increase its profits unless it reduced its refining cqiacity.” (Emphasis added.) 

Contrary to the inference about Chevron’s business plans or conduct that Members and other listeners 
might draw from the inaccurate characterizations of this document recently bandied about. Chevron 
pointedly did not take the course advocated in the analyst’s remarks ten years ago. We respectfully 
believe that in the interest of honest and &ir debate of these important and complex issues, our company 
should not be incorrectly labeled as either an author, advocate, or participant in that suggested market 
strategy. 

In 2001, the California Supreme Court had the opportunity to consider some of these very issues in 
coimection with a class-action lawsuit that had been brought against Chevron and several other California 
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refiners and marketers in 1996. The plaintiffs alleged violations of California’s state antitrust and unfair 
competition statutes, claiming that the companies had entered into an unlawftil conspiracy to restrict the 
output of CARB gasoline and thus to raise its price. The California Supreme Court, in a unanimous 7-0 
decisions authored by die late Justice Stanley Mosk, affirmed summary judgment in iavor of Chevron and 
the other defendants. Aguilar v. Atlantic Richfield Co.,25 Cal.4th S26, 24 P.3d 493 (2001). Contrary to 
any insinuation that Chevron might have feliowed the energy analyst’s opinion following the November 
1995 API convention, the California Supreme Court noted: 

“It is impossible to summarize the petroleum companies’ evidence within a scope that would be 
appropriate to this opinion. The Court ofAppeal’srecountingitselffiUs 38 pages. With that said, 
the petroleum companies’ evidence showed independence rather than collusion as to their most 
fundamental strategies with respect to CARB gasoline. For example, at one end of the range, 
there was Chevron 's altogether active plan, which was to 'gain an advantage over its competitors 
by becoming the largest producer of CARB gasoline in the world ’ At the other end, there was 
Union Oil’s relatively passive stance, i^ich would put it at a disadvantage vis-a-vis its 
competitors in this regard, and would lead it to exit the market completely.’’ 24 P.3d at 5 1 8 
(emphasis added). 

In addition to the lower court’s finding that “the ‘actions’ of the petroleum companies ‘were a pro- 
competitive response to a regulatory requirement,’’’ id at 503 It should be obvious that the only way in 
which Chevron could execute the business strategy described above was to maintain and ultimately to 
expand its capacity to produce gasoline in California - something we in fact did, and at great expense. 
Chevron fully recognizes that energy will be one of the defining issues of this century. Now more than 
ever, we need to work together to determine how we will meet the energy needs of the entire world in this 
century and beyond. Whatever actions we take, we must look not just to next year, but to the next SO 
years. Iimovation, collaboration and conservation are the cornerstones on which our energy future must 
be built, and we want to work with you and all Members of Congress to help be part of the solution. We 
hope that by bringing greater clarity to recent discussions of our company’s U.S. downstream efforts over 
the past decade, we will help to advance dut dialogue. We remain ready to work in good faith with you 
and all Members of the Corrunittee to achieve those goals. 

Thank you for your consideration. 


Sincerely, 



LisaB. Ewny/ 


cc; Members ofHouse Energy & Commerce Committee 
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Instructions for navigating 
this electronic version of the report 

This National Petroleum Council report contains various hyperlinks to 
pages within the report as well as Topic Papers and websites. Text in brick red 
and headlines followed by indicate hyperlinks. To return to the page in 
this report prior to a hyperlink, please use the following commands: 

PC users 

Right-click on mouse and select “Previous View” 

MAC users 

Hold control key and click mouse, select “Previous View” 

This action can be repeated to return to an earlier page if you have 
moved several pages since clicking on the hyperlink. 

If clicking on the hyperlink takes you to a Topic Paper or website, 
simply close the linked window to return to this NPC report. 

Links to websites were active at the time of publication. 
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N^noNAL Petroleum Councl 

An Oil ami Nattinil Cas Advisory Committee to the Secretary of Energy 


1 625 K Street, N.VV. Phone; (202) .593-6100 

Washingron, D.C. 20006-1656 Fa.\:(202)331-8539 


July 18,2007 


The Honorable Samuel W. Bodman 
Secretary of Energy 
Washington, D.C. 20585 

Dear Mr. Secretary: 

In response to the questions posed in your letter of October 5, 2005, the National Petroleum Council conducted 
a comprehensive study considering the future of oil and natural gas to 2030 in the context of the global energy 
system. The complexity of today’s integrated energy markets and the urgency surrounding today’s energy issues 
demanded a study that included: 

• An integrated view of supply, demand, infrastructure, technology, and geopolitics 

■ A comprehensive review of public and aggregated proprietary energy outlooks 

• In-depth analysis of technology trends and opportunities 

• Policy options viewed through economic, security, and environmental lenses 

• More than 350 participants from diverse backgrounds and organizations 

• Dialogue with more than 1,000 persons and groups actively involved in energy. 

The Council found that total global demand for energy is projected to grow by 50-60 percent by 2030, driven by 
increasing population and the pursuit of improving living standards. At the same lime, there are accumulating risks 
to the supply of reliable, affordable energy to meet this growth, including political hurdles, infrastructure 
requirements, and availability of a trained work force. We will need all economic, environmentally responsible 
energy sources to assure adequate, reliable supply. 

There is no single, easy solution to the global challenges ahead. Given the massive scale of the global energy 
system and the long lead-times necessary to make material changes, actions must be initiated now and sustained 
over the long term. 

Over the next 25 years, the United States and the world face hard truths about the global energy future: 

• Coal, oil, and natural gas will remain indispensable to meetingtotal projected energy demand growth. 

• The world is not running out of energy resources, but there are accumulating risks to continuing expansion 
of oil and natural gas production from the conventional sources relied upon historically. These risfe create 
significant challenges to meeting projected total energy demand. 

• To mitigate these risks, expansion of all economic energy sources will be required, including coal, nuclear, 
biomass, other renewables, and unconventional oil and natural gas. Each of these sources faces significant 
challenges including safety, environmental, political, or economic hurdles, and Imposes infrastructure 
requirements for development and delivery. 

• "Energy Independence" should not he confused with strengthening energy security. The concept of energy 
independence is not realistic in the foreseeable future, whereas U.S. energy security can be enhanced by 
moderating demand, expanding and diversifying domestic energy supplies, and strengthening global 
energy trade and investment. There can be no U.S. energy security without global energy security. 
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• A majority of the U.S. energy sector workforce, including skilled scientists and engineers, is eligible to retire 
within the next decade. The workforce must be replenished and trained. 

• Policies aimed at curbing carbon dioxide emissions will alter the energy mix, increase energy-related costs, 
and require reductions in demand growth. 

The Council proposes five core strategies to assist markets in meeting the energy challenges to 2030 and beyond. 
All five strategies are essential — there is no single, easy solution to the multiple challenges we face. However, we are 
confident that the prompt adoption of these strategies, along with a sustained commitment to implementation, will 
promote U.S. competitiveness by balancing economic, security, and environmental goals. 

The United States must: 

• Moderate the growing demand for energy by increasing efficiency of transportation, residential, 
commercial, and industrial uses. 

• Expand and diversify production from clean coal, nuclear, biomass, other renewables, and unconventional 
oil and gas; moderate the decline of conventional domestic oil and gas production: and increase access for 
development of new resources. 

• Integrate energy policy into trade, economic, environmental, security, and foreign policies: strengthen 
global energy trade and investment; and broaden dialog with both producing and consuming nations to 
improve global energy security. 

• Enhance science and engineering capabilities and create long-term opportunities for research and 
development in all phases of the energy supply and demand system. 

• Develop the legal and regulatory framework to enable carbon capture and sequestration. In addition, as 
policymakers consider options to reduce carbon dioxide emissions, provide an effective global framework 
for carbon management, including establishment of a transparent, predictable, economy-wide cost for 
carbon dioxide emissions. 


The attached report, Facing the Hard Truths about Energy, details findings and recommendations based on 
comprehensive analyses developed by the study teams. 


The Council looks forward to sharing this study and its results vrith you, your colleagues, and broader 
government and public audiences. 


Respectfully submitted, 




Lee R. Raymond 
Chair 

David J. O’Reilly 
Vice Chair, Supply 


/U(;_u 

Andrew Gould 

Vice Chair, Technology 



Danrel H. Ycrgln 
Vice Chair, Demand 



lohnj. Hamre 
Vice Chair, Geopolitics 
& Policy 
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REFeCE 


NATIONAL PETROLEUM COUNCIL 

T he National Petroleum Council (NPC) is an organi- 
zation whose sole purpose is to provide advice to 
the federal government. At President Harry Tru- 
man’s request, this federally chartered and privately 
funded advisory group was established by the Secre- 
tary of the Interior in 1946 to represent the oil and gas 
industries’ views to the federal government: advising, 
informing, and recommending policy options. Dur- 
ing World War II, under President Franklin Roosevelt, 
the federal government and the Petroleum Industry 
War Council had worked closely together to mobilize 
the oil supplies that fueled the Allied victory. Presi- 
dent Ttuman’s goal was to continue that successful 
cooperation in the uncertain postwar years. Today, 
the NPC is chartered by the Secretary of Energy under 
the Federal Advisory Committee Act of 1972. 

About 175 in number, Council members are selected 
by the Energy Secretary to assure well-balanced 
representation from all segments of the oil and gas 
industries, all sections of the country, and from large 
and small companies. Members are also selected 
from outside the oil and gas industries, representing 
academic, financial, research, Native-American, and 
public-interest organizations and institutions. The 
Council provides a forum for informed dialogue on 
issues involving energy, security, the economy, and the 
environment in an ever-changing world. 

STUDY REQUEST 

By letter dated October 5, 2005, Secretary of Energy 
Samuel W Bodman requested that the National 
Petroleum Council undertake a study on the ability 
of global oil and natural gas supply to keep pace with 


growing world demand. Specifically, the Secretary 
stated that key questions to be addressed in the study 
may include: 

• What does the future hold for global oil and natural 
gas supply? 

• Can incremental oil and natural gas supply be 
brought on-line, on-time, and at a reasonable price 
to meet future demand without jeopardizing eco- 
nomic growth? 

• What oil and gas supply strategies and/or demand- 
side strategies does the Council recommend the 
U.S. pursue to ensure greater economic stability 
and prosperity? 

(Appendix A contains a copy of the Secretary’s 
request letter and a description of the NPC.) 

STUDY ORGANIZATION 

Responding to the Secretary’s request, the Coun- 
cil established a Committee on Global Oil and Gas to 
study this topic and to supervise preparation of a draft 
report for the Council’s consideration. The Council 
also established a Coordinating Subcommittee and 
four Task Groups — on Demand, Supply, Technology, 
and Geopolitics & Policy — to assist the Committee in 
conducting the study. These study groups were sup- 
ported by three dozen Subgroups focused on specific 
subject areas. The box on the next page lists those 
who served as leaders of the study. 

The members of the various study groups were 
drawn from NPC members’ organizations as well 
as from many other U.S. and international indus- 
tries, U.S. and international governments, non- 
governmental organizations, financial institutions, 
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consultancies, academia, and research groups. More 
than 350 people served on the study’s Committee, 
Subcommittee, Task Groups, and Subgroups. (Appen- 
dix B contains rosters of these study groups.) 

in addition to these study group participants, many 
more people were involved through outreach activi- 
ties. These efforts were an integral part of the study 
with the goal of informing and soliciting input from 
a broad range of interested parties. More than two 
dozen sessions were held with staff of U.S. execu- 
tive branch agencies, U.S. congressional committees, 
and state and local governments: non-governmental 
organizations; academia; professional societies; and 
industries. The outreach process also included key 
consuming and producing countries. Secretary Bod- 


man contacted 19 energy ministries around the world 
to encourage supply and demand data from govern- 
ments and national energy companies. Many coun- 
tries provided constructive responses. 

The data and Feedback provided by the global energy 
community and other interested parties involved in 
the outreach sessions were documented and used to 
develop the insights for the future of the energy sector 
and to ensure that the study was addressing the critical 
issues associated with energy. This stakeholder input 
represented a wide range of views/opinions. This 
information was an integral part of the data sets ana- 
lyzed and considered to develop the key findings and 
recommendations. (Appendix C provides a descrip- 
tion of the study's outreach process and sessions.) 
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Figure P-1 illustrates the diversity of participation 
in the study process. 

Study group and outreach participants contributed 
in a variety of ways, ranging from full-time work in mul- 
tiple study areas, to involvement on a specific topic, to 
reviewing proposed materials, or to participating solely 
in an outreach session. Involvement in these activities 
should not be construed as endorsement or agree- 
ment with all the statements, findings, and recommen- 
dations in this report. Additionally, while U.S. govern- 
ment participants provided significant assistance in 
the identification and compilation of data and other 
information, they did not take positions on the study’s 
policy recommendations. As a federally appointed and 
chartered advisory committee, the National Petroleum 
Council is solely responsible for the final advice pro- 
vided to the Secretary of Energy. However, the Council 
believes that the broad and diverse study group and 
outreach participation has informed and enhanced its 
study and advice. The Council is very appreciative of 
the commitment and contributions from all who par- 
ticipated in the process. 

STUDY SCOPE AND APPROACH 

Tfre study’s primary focus was on oil and natural gas. 
However, all energy forms were assessed as they are ele- 
ments of an interrelated and competitive global energy 
market. In fact, an understanding of all energy forms 
was necessary in order to provide meaningful advice 
on oil and natural gas. The study was conducted with 
a set of guiding principles that the study would: 

• Not create another “grassroots” energy forecast 
of demand, supply, or prices, but rather focus on 
andysis of existing projections to identify underly- 
ing assumptions, understand why they differ, and 
thereby identify important factors governing the 
future of oil and gas 

• Gather and analyze public data (from government, 
academia, and others) and aggregated proprietary 
data (from international oil companies and 
consultants) 

• Solicit input from a broad range of interested par- 
ties including non-governmental organizations 
and foreign countries 

• Emphasize long-term conditions to 2030 and 
beyond, not near-term energy market volatility 


-•r rSi-iu- 





65% PARTICIPANTS FROM OUTSIDE 
OF OIL AND GAS INDUSTRY 


350+ PARTICIPANTS, PLUS INPUT 
FROM 1,000+ OTHERS 

FIGURE P‘I. Broad Participation 


• Make recommendations supported by data and sci- 
ence, and develop policy options and recommen- 
dations only after completing the study analyses, 
interpretation, and findings phase to guard against 
predetermined conclusions 

• Frame detailed questions to ensure all study teams 
work within their scope and on time 

• Comply fully with antitrust laws and regulations, 
and the Federal Advisory Committee Act. While the 
Council recognizes the important role price plays 
in both demand and supply actions, antitrust sen- 
sitivities precluded the study from addressing such 
impacts or accessing future price levels. 

A large, broad, and diverse group of other studies 
and projections served as the underpinning of the 
NPC analyses. The NPC attempted to examine and 
use the full range of available projections: 

• Data were provided hy the International Energy 
Agency (lEA) and U.S. Energy Information Admin- 
istration (EIA) — the two most widely used and 
respected sources of energy projections. 
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• A broad survey of proprietary energy projections 
was also conducted. As an integral part of this pro- 
cess, the NPC engaged the public accounting firm 
Argy, Wiltse & Robinson, PC. to receive, aggregate, 
and protect proprietary data responses. 

• A Wide-Net process collected additional publicly 
available projections from academia, governmen- 
tal organizations, non-governmental groups, and 
other interests. 

• A Data Warehouse was developed to store and assist 
in analysis of all collected projections. The ware- 
house data are included on the CD accompanying 
printed copies of this report, 

• A Parallel Studies process examined numerous 
other recent reports regarding aspects of energy 
policy to inform the work of the NPC study’s Co- 
ordinating Subcommittee. (AppcndiN i) provides 
summaries of the studies.) 

The Demand and Supply Task Groups focused pri- 
marily on the analysis and interpretation of the range 
of projections for world energy demand and supply to 
2030 and the key assumplions/drivers underlying those 
projections. The Technology Task Group examined the 
range of technology assumptions in the projections sur- 
veyed and how these technologies might affect world 
energy supply/demand over the next 25 years. The 
Geopolitics & Policy Task Group had two focus areas. Its 
geopolitical analyses assessed how sovereign national, 
regional, and global policy decisions might affect global 
supply and demand outlooks. Its policy work involved 
the integration of options from the various study groups 
into a concise set of recommendations for the Secretary 
of Energy reflecting the tradeoffs among the economy, 
security, and the environment. In addition to the work 
of the Task Groups, the study addressed several over- 
arching themes: energy efficiency, carbon management, 
and macroeconomic issues. 

The output from these multiple efforts underpin 
the NPC’s recommended supply- and demand-side 
strategies, and form the basis for its policy recom- 
mendations to the Secretary of Energy. 

(See the Report Chapters and Topic Papers for more 
detailed descriptions of the scopes of work, framing 
questions, and approaches used by the various study 
groups.) 


STUDY REPORT 

In the interest of transparency and to help readers 
better understand this study, the NPC is making the 
study results and many of the documents developed 
by the study groups available to all interested parties 
as foilows: 

• Executive Summary provides insights on energy 
market dynamics as well as advice on an integrated 
set of actions needed immediateiy to ensure ade- 
quate and reliable supplies of energy, while assur- 
ing continued expansion of prosperity including 
economic growth, global security, and environ- 
mental responsibility. 

• Report Chapters contain summary results of the 
analyses conducted by the Demand, Supply, Tech- 
nology, and Geopolitics & Policy Task Groups; a 
discussion on Carbon Management: a full listing 
of the study’s recommendations; and a description 
of the study’s methodology. These chapters pro- 
vide supporting data and analyses for the findings 
and recommendations presented in the Executive 
Summary. 

• Appendices contain Council and study group ros- 
ters, a description of the study’s outreach process, 
and other information. 

• Topic Papers, which can be found on the CD inside 
the back cover of this report, include detailed, spe- 
cific subject matter papers and reports prepared by 
the Task Groups and their Subgroups. These Topic 
Papers formed the basis for the analyses that led 
to development of the summary results presented 
in the report’s Executive Summary and Chapters. 
The Council believes that these materials will be 
of interest to the readers of the report and will help 
them better understand the results. The members 
of the National Petroleum Council were not asked 
to endorse or approve all of the statements and 
conclusions contained in these documents but, 
rather, to approve the publication of these materi- 
als as part of the study process. (See the descrip- 
tion of the CD in Appendix 1- for abstracts on topic 
papers and a list of other documents included.) 

(Published copies of the report and the CD can be 
purchased from the NPC or viewed and downloaded 
from its website: wwvv.npe.arg) 
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XECUM SUHMHRV 


T he American people are very concerned about 
energy — its availability, reliability, cost, and envi- 
ronmental impact. Energy also has become a sub- 
ject of urgent policy discussions. But energy is a com- 
plex subject, touching every part of daily life and the 
overall economy, involving a wide variety of technolo- 
gies, and deeply affecting many aspects of our foreign 
relations. The United States is the largest participant 
in the global energy system — the largest consumer, 
the second largest producer of coal and natural gas. 
and the largest importer and third largest producer of 
oil. Developing a framework for considering Ameri- 
ca’s oil and natural gas position now and for the future 
requires a broad view and a long-term perspective; 
both are provided in this study. 

During the last quarter-century, world energy 
demand has increased about 60 percent, supported 
by a global infrastructure that has expanded to a 
massive scale. Most forecasts for the next quarter- 
century project a similar percentage increase in 
energy demand from a much larger base. Oil and nat- 
ural gas have played a significant role in supporting 
economic activity in the past, and will likely continue 
to do so in combination with other energy types. Over 
the coming decades, the world will need belter energy 
efficiency and all economic, environmentally respon- 
sible energy sources available to support and sustain 
future growth. 

Fortunately, the world is not running out of energy 
resources. But many complex challenges could keep 
these diverse energy resources from becoming the 
sufficient, reliable, and economic energy supplies 
upon which people depend. These challenges are 
compounded by emerging uncertainties: geopolitical 
influences on energy development, trade, and secu- 


rity; and increasing constraints on carbon dioxide 
(CO 2 ) emissions that could impose changes in future 
energy use. While risks have always typified the energy 
business, they are now accumulating and converging 
in new ways. 

The National Petroleum Council (NPC) examined 
a broad range of global energy supply, demand, and 
technology projections through 2030. The Council 
identified risks and challenges to a reliable and secure 
energy future, and developed strategies and recom- 
mendations aimed at balancing future economic, 
security, and environmental goals. 

The United Slates and the world face hard truths 
about the global energy future over the next 25 years: 

• Coal, oil, and natural gas will remain indispensable 
to meeting lotal projected energy demand growth. 

• The world is not running out of energy resources, 
but there are accumulating risks to continuing 
expansion of oil and natural gas production from 
the conventional sources relied upon historic^Iy. 
These risks create significant challenges to meeting 
projected energy demand. 

• To mitigate these risks, expansion of all economic 
energy sources will be required, including coal, 
nuclear, renewables, and unconventional oil and 
natural gas. Each of these sources faces significant 
challenges — including safety, environmental, polit- 
ical, or economic hurdles — and imposes infrastruc- 
ture requirements for development and delivery. 

• “Energy Independence” should not be confused 
with strengthening energy security. The concept 
of energy independence is not realistic in the fore- 
seeable future, whereas U.S. energy security can 
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be enhanced by moderating demand, expanding 
and diversifying domestic energy supplies, and 
strengthening global energy trade and investment. 
There can be no U.S. energy security without global 
energy security. 

• A majority of the U.S. energy sector workforce, 
including skilled scientists and engineers, is eUgi> 
ble to retire within the next decade. The workforce 
must be replenished and trained. 

• Policies aimed at curbing CO 2 emissions will alter 
the energy mix, increase energy-related costs, and 
require reductions in demand growth. 

Free and open markets should be relied upon wher- 
ever possible to produce efficient solutions. Where 
markets need to be bolstered, policies should be 
implemented with care and consideration of possible 
unintended consequences. The Council proposes five 
core strategies to assist markets in meeting the energy 
challenges to 2030 and beyond. All five strategies are 
essential — there is no single, easy solution to the mul- 
tiple challenges we face. However, the Council Is con- 
fident that the prompt adoption of these strategies, 
along with a sustained commitment to implementa- 
tion, will promote U.S. competitiveness by balancing 
economic, security, and environmental goals. The 
United States must: 

• Moderate the grotving demand for energy by 
increasing efficiency of transportation, residential, 
commercial, and industrial uses. 

• Expand and diversify production from clean coal, 
nuclear, biomass, other renewables, and uncon- 
ventional oil and natural gas; moderate the decline 
of conventional domestic oil and natural gas pro- 
duction; and increase access for development of 
new resources. 

• Integrate energy policy into trade, economic, envi- 
ronmental, security, and foreign policies; strengthen 
global energy trade and investment; and broaden 
dialogue with both producing and consuming 
nations to improve global energy security. 

• Enhance science and engineering capabilities and 
create long-term opportunities for research and 
development in all phases of the energy supply and 
demand system. 

• Develop the legal and regulatory framework to 
enable carbon capture and sequestration (CCS), 
In addition, as policymakers consider options to 
reduce CO 2 emissions, provide an effective ^obal 


framework for carbon management, including 
establishment of a transparent, predictable, econ- 
omy-wide cost for CO 2 emissions. 

The Council identified these strategies by drawing 
upon more than 350 expert participants with wide- 
ranging backgrounds to provide analysis, informa- 
tion, and insight. Additionally, extensive outreach 
efforts involved more than 1,000 people actively 
engaged in energy. Task Groups for this study 
reviewed a broad range of public and aggregated 
proprietary studies in order to understand and eval- 
uate the many assumptions and forces behind recent 
global energy projections. 

Given the massive scale of the global energy system 
and the long lead times necessary to make significant 
changes, concerted actions must be taken now, and 
sustained over the long term, to promote U.S. com- 
petitiveness by balancing economic, security, and 
environmental goals. The Council’s findings and rec- 
ommendations are summarized below and explained 
in detail in the report chapters. 

THE GROWING DEMAND 
FOR ENERGY 

Over the coming decades, energy demand will grow 
to increasingly higher levels as economies and popula- 
tions expand. This will pressure the supply system and 
require increased emphasis on energy-use efficiency. 

Energy is essential to the economic activity that 
sustains and improves the quality of life. Projections 
for future energy needs generally as.suine expanding 
oconomics and populations, which drive continued 
energy demand growth. Over time, the efficiency of 
energy use has improved, thanks to the combined 
effects of technological advancement, education of 
consumers, and policy initiatives. These develop- 
ments have allowed growth in economic activity to 
outpace growth in energy use. Differing assump- 
tions for the world’s population, economic activity, 
and enHfg\- elficicm y result in varying projections for 
future energy demand, as shown in Figure ES-1. 

Historically, energy consumption has been con- 
centrated in the developed world, where economic 
activity has been centered. Today, the developed 
world, represented by the Organisation for Economic 
Co-operation and Development (OECD),’ uses half of 
the world’s total energy to produce half of the world’s 
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YEAR 


Note; A quadrillion Btu is one million billion British thermal units. One quadrillion Btu per year 
is the energy equivalent of about 500,000 barrels per day of oil. 

Sources: EIA: U.S. Energy Information Administration, International Energy Outlook 2006. 
iEA: International Energy Agency, World Energy Outlook 2006. 


FIGUREES-1. World Energy Demand — Average Annual Growth Rates 


Gross Domestic Product.^ However, over 80 percent 
of the world’s population is projected to live in devel- 
oping countries by 2030, as shown in Figure ES-2. 

Many developing countries are just reaching the 
point where individual wealth and energy consump- 
tion start to accelerate. For example, while the num- 
ber of cars in China more than doubled between 
2000 and 2006, there remains just one car for every 
40 people^ whereas the United States has one car for 
every two people/ Thus, dramatic further growth in 
vehicle sales and demand for fuel in China are very 
likely. As this accelerating consumption combines 
with large and growing populations, it becomes likely 
that most new energy demand growth will occur in 
the developing world, with one projection shown in 
Figure ES-3. 

THE ENERGY SUPPLY 
LANDSCAPE 

The world uses a wide variety of energy sources today. 
Oil and natural gas now provide nearly 60 percent of 
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Source: UN World Population Prospects. 

FIGURE ES-2. World Population 
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2004 - 445 QUADRILLION BTU PER YEAR 


4is.. 


2030 - 678 QUADRILLION BTU PER YEAR 



Source: lEA, World Energy Outlook 2006. 


FIGURE ES-3. World Energy Demand Growth 
from 2004 to 2030 


world primary energy,^ as shown in Figure ES-4, and it 
is a hard truth that oil and natural gas will remain indis- 
pensable to meeting the projected growth in energy 
demand. 

It is another hard truth that a rapidly growing world 
economy will require large increases in energy sup- 
plies over the next quarter-century. Fjtpansion of all 
economic energy sources will be required to meet 
demand reliably, including coal, nuclear, renewables, 


1980 - 288 QUADRILLION BTU PER YEAR 



2030 - 678 QUADRILLION BTU PER YEAR 



S OIL ^ COAL M NUCLEAR ^ WIND/SOLAR/ 

i. GAS M BIOMASS S HYDRO GEOTHERMAL 

Source; lEA World Energy Outlook 2006. 


FIGUREES-4. World Energy Supply - 
Historical and Projected 


Facing the Hard Truths about Energy 


377 


and unconventional oil and natural gas. Ali energy 
sources have their own challenges that must be over- 
come to be produced, delivered, and used on an ever- 
increasing scale. 

Current assessments for both oil and natural gas 
indicate large in-place volumes of resource. The 
natural gas resource appears more than adequate to 
meet the increased natural gas production typically 
anticipated by energy outlooks over the study period. 

Future oil supply will come from a variety of sources, 
including existing production capacities, development 
of existing reserves, application of enhanced oil recov- 
ery, expansion of unconventional liquids, and devel- 
opment of new discoveries. Figure ES-5 is an illustra- 
tive example of these sources as depicted by the lEA 
in its World Energy Outlook 2004. There is uncertainty 
about the potential of the oil resource base to sustain 
growing oil production rates. Additional uncertainty 
surrounds the industry’s potential to overcome mul- 
tiple increasing risks, including access to promis- 
ing areas for development, and the rate and timing 


of investment, technology development, and infra- 
structure expansion. This study observed a range of 
oil projections from less than 80 to 120 million barrels 
per day in 2030. This wide range results from differing 
assumptions about these uncertainties. 

Biomass, mainly wood and dung burned for heat, is 
today's largest non-fossil energy source. Liquid fuels 
from biomass, such as ethanol from com and sugar- 
cane, have grown rapidly in recent years, but given the 
scale of total oil consumption, liquids from biomass 
contribute only about 1 percent of the energy provided 
by oil. Potential cellulosic biomass resources, from 
wood, energy crops, and food crop waste, are large in 
the United States; the U.S. Departments of Agricul- 
ture and Energy estimate that the United States could 
generate sufficient biomass to produce up to 4 mil- 
lion barrels per day of oil-equivalent liquids.® As with 
the ejqjansion of any energy source, challenges must 
be overcome before biofuels production can achieve 
signifrcant volumes. For example, technology does 
not yet exist to convert ceUulosic material economi- 
cally at scale to liquid fuels. Ethanol expansion in the 
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United States faces compound challenges; increas- 
ing rail, waterway, and pipeline transport capacity; 
scaling up distribution systems: and balancing food 
uses and water requirements. 

Wind and solar energy have also grown rapidly, now 
contributing about 1 percent to the world’s energy 
mix. Wind and solar energy are expected to continue 
their rapid expansion, with associated challenges that 
include economics, intermittent availability, land-use 
considerations, and the need for grid interconnection 
and long distance transmission lines. 

Hydroeleclric power supplies about 2 percent of 
today's energy. It is not generally expected to grow 
significantly, except in developing Asia-Pacific areas, 
since the most suitable locations in developed coun- 
tries are already in use. 

Nuclear power contributes about 6 percent of 
world energy today, and its use is generally expected 
to increase outside the United States. Nuclear power 
expansion faces concerns about safety and security, 
the management and disposal of radioactive waste, 
and weapons proliferation. Further expansion of 
nuclear power could be promoted to limit CO 2 emis- 
sions or bolster energy security through diversifica- 
tion. On the other hand, additional restrictions on 
the nuclear industry, such as early plant retirements 
or limits on projected new installations, would raise 
demand for alternatives to generate electricity, such 
as natural gas, coal, wind, and solar. 

Coal supplies the second largest share of world 
energy today after oil. In forecasts where CO 2 emis- 
sions are not constrained, coal is generally expected 
to increase its share. Projected increases In coal use 
are driven mainly by growing electricity demand in 
developing countries. Remaining coal resources are 
far larger than for oil and natural gas; at current con- 
sumption rates, the United States has economically 
recoverable resources for at least another 100 years.^ 
China also has large coal resources, although major 
deposits are far from consuming areas, and transpor- 
tation infrastructure is limiting. In addition to the 
logistical challenges of rail, water, and power lines, 
coal combustion also produces more CO 2 per unit 
of energy than natural gas or oil from conventional 
sourcCvS. The combination of coal, natural gas, and 
oil is generally expected to provide over 80 percent of 
global energy needs in 2030, exacerbating the chal- 
lenge of constraining CO 2 emissions. 


THE CHANGING WORLD 
ENERGY MAP 

Growth in energy production has been supported by 
global trade and open markets, combined with capi- 
tal investment to produce and deliver energy. l:nci g\^ 
consumption in the developing world is proj(?cted 
to increase {Iramalicaliy, while oil and natural gas 
production in the United States and Europe decline. 
This combination will require a substantial increase 
in international oil and natural gas trade, profoundly 
redrawing the world energy map. 

Forecasts for growth in oil and liquefied natural gas 
(LNG) shipments place greater emphasis on reliable 
transport, trade, and delivery systems while raising 
geopolitical, environmental, and security concerns. 
Today more than half the world's inter-regional oil 
movements pass ihrougii a liandful of poteniial 
"choke points.” including the Suez Canal, the Bospo- 
rus, and the Straits of Hormuz and Malacca.® 

Figure ES-6 shows one projection of significant 
changes in regional oil imports and exports between 
now and 2030. Natural gas supply and demand are 
projected to make similar shifts. 

In addition to increases in the international trade 
of oil and natural gas. the world energy map is chang- 
ing in another dimension. Conventional oil and nat- 
ural gas resources are increasingly concentrated in 
a handful of non-OECD countries. The national oil 
companies and energy ministries in these countries 
play central roles in policy decisions about how to 
devoiop and produce their resources. Producers may 
increasingly leverage their assets when dealing with 
oil companies and consumer nations, either to gain 
commercial benefits or to further national or foreign 
policy objectives. The trend of market liberalization 
that expanded global energy trade and investment in 
the 1990s has come under renewod {iressurc. 

UNITED STATES AND GLOBAL 
ENERGY SECURITY 

U.S. and global energy security depend upon reli- 
able, sufficient energy supplies freely traded among 
nations. This dependence will rise with the growth 
required in international oil and natural gas trade, 
and may be increasiiigiy iTiflLienced by political goals 
and tensions. These trends are prompting renewed 
concerns about U.S. energy security. 
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Source; lEA, World Energy Outlook 2006, Reference Case. 

FIGURE ES-6. Net Regional Oil Imports and Exports 


These energy security concerns have spurred 
calls for the United States to become totally self- 
sufficient in energy supply, often referred to as 
“energy independence.” This concept is unrealis- 
tic in the forevSeeable future and incompaiible with 
broader foreign policy objectives and treaty obliga- 
tions. Policies espousing “energy independence” 
may create considerable uncertainty among inter- 
national trading partners and hinder investment in 
international energy supply development.® 

It is a hard truth that energy independence is 
not necessary for energy security. Rather than 
pursuing energy independence, the United States 
should enhance its energy security by moderat- 
ing demand, expanding and diversifying domes- 
tic energy supplies, and strengthening global 
energy trade and investment. Indeed, even if 
the United States could become physically self- 
sufficient in energy, it could not disengage from 
global energy activity, trade, and finance. There can 
be no U.S. energy security without global energy 
security. 


INVESTMENT IN GLOBAL ENERGY 
DEVELOPMENT 

Building new, multi-biilion-dollar oil platforms in 
water thousands of feet deep, laying pipelines in dif- 
ficult terrain and across country borders, expanding 
refineries, constructing vessels and terminals to 
ship and store liquefied natural gas, building rail- 
roads to transport coal and biomass, and stringing 
new high-voltage transmission lines from remote 
wind farms — all will require large investments over 
decades. Higher investment in real terms will be 
needed to growproduction capacity. Future projects 
are likely to be more complex and remote, result- 
ing in higher costs per unit of energy produced.’® A 
stable and attractive investment climate will be nec- 
essary to attract adequate capital for evolution and 
expansion of the energy infrastructure. 

The United States should actively engage energy 
suppliers, encouraging open trade and investment 
to expand international energy production and 
infrastructure. International trade and diplomatic 
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negotiations should routinely incorporate energy 
issues to promote the rule-of-law, fiscal stability, 
equitable access, and the environmentally respon- 
sible development of all energy resources. 

TECHNOLOGY 

ADVANCEMENTS 

Human ingenuity and technological advances 
create the potential to develop new energy sources, 
to further develop existing resources, and to use 
energy in more efficient and environmentally 
ft’iendly ways. The oil and natural gas industry 
has a long history of technological advancement, 
and today it operates using materials, chemistry, 
engineering, computing, and sensing techniques 
well beyond anything envisioned several decades 
ago. Technology has led to large savings in energy 
demand and additions to supply while reducing 
the industry’s environmental "footprint.” Technol- 
ogy advances are expected to continue, although 
broad-ranging technology impact can take over a 
decade from initial concept to large-scale imple- 
mentation.^' 


There is no single technology capable of ensuring 
that the world’s future energy needs will be met in an 
economical and environmentally responsible way. 
Many advances and breakthroughs will be required 
on numerous fronts. To do this, significant financial 
and human resources must be engaged over a sus- 
tained period. Meanwhile, the U.S. energy industry 
faces a dramatic human resource shortage that could 
undermine the future development of technological 
advances needed to meet the demand for increas- 
ingly diversified energy sources. A majority of the 
industry’s technical workforce is nearing retirement 
eligibility, and the number of American graduates in 
engineering and geosciences has dropped substan- 
tially during the last quarter century, compromising 
future delivery of technology advances. 

The Council's findings echo many in the National 
Academy of Sciences report "Rising Above the Gath- 
ering Storm: Energizing and Employing America for a 
Brighter Economic Future,” which calls for a focus on 
mathematics and science education, long-term basic 
research, and ensuring that the United States is the 
premier place in the world for research and techno- 
logical innovation. 
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ADDRESSING CARBON 
CONSTRAINTS 

Constraints on CO 2 emissions are emerging, with 
profound implications for energy supply and demand. 
Worldwide CO 2 emissions from energy use are gener- 
ally predicted to grow, as shown in Figure ES-7. Rising 
concerns about climate change may lead to further 
limits on these emissions. It is a hard truth that poli- 
cies aimed at curbing carbon emissions will alter the 
energy mix, increase energy-related costs, and require 
reductions in demand growth. 

Significantly reducing CO 2 emissions will require 
major changes in energy production, infrastructure, 
and use: reducing demand, substituting low-carbon 
or carbon-neutral fuels, and capturing and sequester- 
ing the emissions from burning coal, oil, and natural 
gas. Implementing effective changes on a sufficient 
scale will require time, money, and technology. It 
can take over two decades for newly commercial- 
ized vehicle technology to be incorporated into the 
vehicle fleet actually on the road. Improvements in 
building efficiency are made slowly — because build- 
ings can stand for many decades, and retrofitting 


efficiency steps such as increased insulation and bet- 
ter windows can be difficult and costly. Power plants 
and industrial facilities often last fifty years or more, 
limiting the rate of capital turnover in these sectors. 
Achieving any significant increase in efficiency, shift 
in fuels used, and capture of CO 2 emissions for stor- 
age will require major changes over decades to vehi- 
cles, buildings, industrial plants, electric generation 
facilities, and infrastructure. 

STRATEGIES FOR 
U.S. ENERGY POLICY 

No single, easy solution can solve the world’s energy 
challenges. The world will need all the economic, envi- 
ronmentally responsible energy sources that can be 
found to support and sustain prosperity in the com- 
ing decades, lb assure this, actions on multiple fronts 
must be taken now, and sustained over the long term. 
The NPC study participants developed recommenda- 
tions to achieve the following five strategic goals: 

• Moderate demand by increasing energy efficiency 

• Expand and diversify U.S. energy supply 

• Strengthen global and U.S. energy security 
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Sources: EIA: U.S. Energy Information Administration, InternatiomI Energy Outlook 2006. 
lEA: International Energy Agency, World Energy Outlook 2006. 


FIGURE ES-7. World Carbon Dioxide Emissions — Growth Projections 
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® Reinforce capabilities to meet new challenges 
® Address carbon constraints. 

While the focus of this report has been concen- 
trated on identifying key findings and relevant and 
effective recommendations, it is prudent to be mind- 
ful of the lessons of the past. The prospect of unin- 
tended consequences or the adverse impacts of poor 
policy choices should not be underestimated^^ Poli- 
cies aimed at penalizing industry segments may have 
political appeal but often undermine security goals 
and broader national objectives. 

Moderate Demand by Increasing 
Energy Efficiency 

Improve Vehicle fuel Economy 

Nearly half of the 21 million barrels of oil products 
that (he United Slates consumes each day is gasoline- 
used for cars and light trucks. The Reference Case in 
the U.S. Energy Information Administrations (EIA) 
Anmml Energy Outlook 2007 projects that gasoline 
consumption will increase by an average of 1.3 per- 
cent per year, totaling an increase of 3 million barrels 
per day between 2005 and 2030. 


The Corporate Average Fuel Economy (CAFE) stan- 
dards have been the primary policy used to promote 
improved car and Ught-truck fuel economy in the 
United States over the last three decades. The original 
standards created one economy requirement for cars, 
and another less stringent one for light trucks to avoid 
penalizing users of work trucks. At the time, light- 
truck sales w£*re about one-quarter of car sales. Since 
then, sport utility vehicles and minivans classified as 
trucks have increased their share of the market. 
Now, these light-truck sales exceed car sales, and the 
increase at the lower truck fuel economy standard has 
limited overall fuel economy improvement. 

Cars and trucks sold today are more technically 
efficient than those sold two decades ago. However, 
the iliel economy improvements that could have 
been gained from this technologv' over the last two 
decades have been used to increase vehicle weight, 
horsepower, and to add amenities. Consequently, car 
and truck fuel economy levels have been about flat for 
two decades, as shown in Figure ES-8. 

Based on a detailed, revitnv of tec.hno.logical poten- 
tial, a doubling of fuel economy of .nev? ami l:igb.(: 
tmcks by 2030 is possible through the use of existing 



FIGUREES-8. U.S. Car and Light-Truck Fuel Economy 
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and anticipated technologies, assuming vehicle per- 
formance and other attributes remain the same as 
today. This economy improvement will entail higher 
vehicle cost. The 4 percent annual gain in CAFE stan- 
dards starting in 20i0 that President George W. Bush 
suggested in his 2007 State of the Union speech is not 
inconsistent with a potential doubling of fuel econ- 
omy for new ii|^t duty vehicles by 2030. Depend- 
ing upon how quickly new vehicle improvements are 
incorporated in the on-road liglit duty vehicle fleet, 
U.S. oil demand would be reduced by about 3-5 mil- 
lion barrels per day in 2030.’- Additional fuel economy 
improvements would be possible by reducing vehicle 
weight, horsepower, and amenities, or by developing 
more expensive, step-out technologies. 
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Reduce Energy Consumption in the 
Residential and Commercial Sectors 

f'orty percent of U.S, energy is consumed in tlie resi- 
dential and commercial sectors, indudingtheener^lost 
while generating and distributing the electricity used. 
The EIA projects that U.S. residential and commercial 
energy \ise will increase almost one-tiiird by 2030. 

Significant efficiencyimprovementshavebeenmade 
ir5 buildings over the last .several decades. Improve- 
ment areas include the building structure itself; heat- 
ing, cooling, and lighting systems: and appliances. 
However, these improvements have been partly offset 
by increased building .sizes and by use of larger and 
multiple appliances. Cost-effective energy efficiency 


building technologies have outpaced current U.S. 
federal, state, and local policies. If applied, currently 
available efficiency technology would reduce energy 
use an additional 15-20 perccnf.-® 

Buildings typically last for decades. Many of the fea- 
tures of buildings that affect their energy consumption, 
such as wall thickness, insulation, structural tightness, 
and windows, will go largely unchanged throughout 
the life of the building. Technologies and practices 
affecting these long-lived systems will be slow to pen- 
etrate the building stock and affect their overall effi- 
ciency, making it important to implement policies 
early to achieve significant long-term savings. 

Major barriers to energy efficiency inve.stments 
include initial costs, insufficient energy' price signals, 
split incentive (where the consumer is different from 
the facility provider), and individual consumer’s lim- 
ited information. To reduce energy consumption sig- 
nificantly below the projected baseline will require 
policy-driven improvements in energy efficiency. 

Building Energy Codes 

Building energy codes have proved to be a significant 
policy tool to encourage increa.sed energy efficiency 
in new buildings, and in buildings undergoing major 
renovations. Building codes are administered by the 
50 states and by thousands of local authorities. To help 
.state and local governments, national model energy 
codes are developed and updated every few years. 
Under federal law, states are not obligated to impose 
energy codes for buildings, although at least 41 states 
have adopted some form of building energy code. 

Adoptinga building code does not guarantee energy 
savings. Code enforcement and compliance are also 
essential. Some jurisdictions have reported that one- 
third or more of new buildings do not comply witli 
critical energy code requirements for windows and air 
conditioning equipment, which are among the easi- 
est energy saving features to verify.^' 

Building cnerg)"^ codes typically target only new 
buildings and major renovations. ,A,dditional po!icie.s 
are needed to encourage incremental, significant sav- 
ings in existing buildings, 

Appilaiice and Equipment Standards 

Standards for appliances and other equipment 
are major policy measures that reduce energy' use in 
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existing buildings. These products ntay not consume 
much energy individually, but collectively they repre- 
sent a significant portion of the nation’s energy use 

Energy' efficiency standards currently do not apply 
to many increasingly common products, including 
those based on expanded digital technologies. Prod- 
uct coverage must be continuously evaluated and 
expanded when appropriate to assure inclusion of 
all significant energy consuming devices. In addi- 
tion, industr^f and other stakeholders have negoti- 
ated standards for other products, such as residential 
furnaces and boilers. Implementing and enforcing 
expanded and strengthened standards would reduce 
energy? consumption below the levels that will result 
from current Department of Energy requirements.^ 

Residential and commercial efficiency gains are 
partially consumed by increased use of the services 
and products that become more efficient. For exam- 
ple, U.S, house sizes have increased steadily over 
the years, offsetting much of the energy efficiency 
improvements that would have resulted had house 
sizes not swelled. Similarly, household refrigerators 
have increased in number and size, consuming much 
of the reduced energ>' use per refrigerator gained by 
efficiency standards. Energy efficiency programs 
should consider steps to avoid increasing the demand 
for energy services. 
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Increase Industrial Sector Efficiency 

The industrial sector consumes about one-third 
of U.S. energy.', and contributes to a large share of 
the projected growth in both oil and natural gas use 
globally and in the United States. Worldwide, indus- 
trial demand for natural gas is expected to double by 
2030. Worldwide, industrial sector demand for oil is 
expected to increase by 5 million barrels per day. or 
15 percent of total oil demand growth through 2030. 

The industrial sector is a price-responsive energ>^ 
consumer. U.S. energy-intensive industries and 
manufacturers rely on internationally competitive 
energy supplies to remain globally competitive. Tn 
recent years, U.S. natural gas prices have risen faster 
than those in the rest of the w^orid. As a result, U.S. 
energy-intensive manufacturers using natural gas as 
a fuel or feedstock have responded by increasing the 
efficiency of their operations and/or by shifting more 
of their operations to lower energy cost regions out- 
side the United States. 

Across the industrial sector, there are opportunities 
to increase erte:fg>- effitdt^ncy by about 15 perceni.^^ 

Areas for energy savings include waste-heat recov- 
ery, separation processes, and combined heat and 
power.^ While 40 percent of that opportunity could 
be implemented now, further research, development, 
demonstration, and deployment are required before 
the remaining savings can be achieved. Providing 
ppi.'i in ii encourage deployment of energy effi- 
. '1 n> \ n t li'« logics and practices will hasten their 
implementation. Making the federal research and 
KMlti|.iiii u tax credit permanent is one way to 
cncouiage private investment in these areas. How- 
ever. a lack of technically trained workers can impede 
the implementation of efficiency projects while tlie 
unceitainly horn price volatility can make justifying 
ih . pi .difficult. 
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Generation of electricity uses a significant amount 
of energy. In the United States, about 30 percent of pri- 
mary energ\^ is used by the electric power generatit^ 
sector. Only modest generation efficiency Improve- 
ments appear economically feasible in existing plants 
(2 to 6 percent), as efficiency improvements are incor- 
porated during routine maintenance. 'Hie mafor 
potential for efik'iency improvement comes when... 
existing generation plants are replaced with facilities 
using updated technolog>' and designs. Retirement of 
existing facilities and selection of replacement tech- 
nology and design is driven by economics affected by 
fuel cost, plant reliability, and electricity dispatching 
considerations. 

Expand and Diversify 
U.k Energy Supply 

Oil, natural gas, and coal~the fossil fuels used for 
transportation, healing, power, and industrial uses— 
are by far the largest energy sources in industrial 
economies. While alternative sources, particularly 
fuel from biomass and other renewables, are likely to 
contribute increasingly to total energy supply, these 
three fossil fuels are projected to dominate through 
at least 2030. 

The prospects for oil and natural ga.s production' 
raise complex questions. It is a hard truth that the ^obal 
supply of oil and natural gas from the conventional 
sources relied upon historically is unlikely to meet pro- 
jected 50-60 percent growth in demand over the next 
25 years. There are accumulating risks to replacing 
current production and increasing supplies of conven- 
tional oil and natural gas. Tlieyinvolveagrowingsetof 
global uncertainties ranging from production capabili- 
ties through environmental constraints, infrastructure 
needs, and geopolitical complications. 

While risks have always typified the energy busi- 
ness, they are now accumulating and convei^ng in 
new ways. Geopolitical changes coincide with in- 


creasin^y large and complex technical challenges. 
Environmental concerns that limit access to some 
U.S. resources may compete with security concerns 
that would promote expanded access. Carbon issues 
challenge coal use while energ>'^ security consider- 
ations may encourage it. Carbon constraints would 
require huge capital investments to maintain energy 
production. These uncertainties, and the risks they 
generate, describe the background for understanding 
energy supply prospects during the next few decades. 

Endowment and recoverable resources are funda- 
mental concepts in any discussion of fossil friel sup- 
plies. Bmlomnent refers to the eartli's physical store 
of potential energy sources; barrels of oil. cubic feet of 
natural gas, and tons of coal. The endowment of fossil 
friels is fixed: it can be depleted but not replenished. 
Recoverable resources are a subset of the endow- 
ment — the portion that can be produced and con- 
verted to fuel and power. 

The total global fossil endowment estimates appear 
huge, but only a fraction of these estimated volumes 
can be technically produced. The tofrd endowment of 
oil is estimated at 13-15 trillion barrels, natural gas at 
50 quadrillion cubic feet, and coal at 14 trillion tons. 

Renewable resources such as biomass, wind, and 
solar represent huge additional energy endowments 
that are continuously replenished, unlike fossil fuels. 

Understanding the Range 
of Production Forecasts 

This study examined a comprehensive range of oil 
production forecasts including integrated supply/ 
demand studies from EIA and TEA; publicly available 
projections from a diverse range of other sources: 
and a unique set of aggregated proprietary forecasts 
from international oil companies (lOCs) and energy 
consulting groups. The diversity of this range of pro- 
jections is showm in Figure ES-9, which highlights the 
EIA reference, the Association for the Study of Peak Oil 
(ASPO) - France, and the average of the IOC forecasts 
for 2030. The distribution of production forecasts, 
spamiing a range from less than 80 million to more 
than 120 million barrels pei- day, highlights the effect 
of assigning different levels of risk and uncertainty to 
both resource and above-ground factors. This distri- 
bution of outcomes, along with evaluation of assess- 
ments of the total resource base, indicates that the key 
consideration for energy supplies is not endowment 
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* Average of aggregated proprietary forecasts from Internationa} oii companies (iOC) responding to the NPC survey. 
See Chapter Two (Energy Supply), Analysis of Energy Outlooks, Globa! Total Liquids Production, for identification 
of other aggregations and outlooks shown here. 

Source: EiA, International Energy Outlook i?006, and the NPC Survey of Outlooks. 

FIGURE ES-9. Understanding the Range of Global Oil Forecasts 


but “producibility.” Over the next 25 years, risks above 
ground — geopoiiticai, technical, and infrastructure — 
are more likely to affect oil and natural gas produc- 
tion rates than are limitations of the belotv-ground 
endowment. This range of outcomes emphasizes the 
need for proactive strategies to manage the accumu- 
lating risks to liquids delivery in 2030. 
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Explanations for the variance in projections for 
both conventional oil and natural gas production are 
widely discussed as part of the ‘'peak oil” debate. As a 
result, this study sees the need for a new assessment 
of the global oil and natural gas endowment and 
resources to provide more current data for the con- 
tinuing debate. 
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Reduce Declines in U.S. Conventional Oil 
and Natural Gas Production 

The United States was once the larf^st oU producer 
in tile world . but is now the third larges l daily producer, 
after Saudi i\rabia and Russia. U.S. oil production has 
declined steadily over the past 35 years, as shown by 
Figure ES-10. U.S. naiura.} gas production has been 
more stable, as shown by Figure ES-ll, but demand 
for both oil and natural gas has increased steadily, 
creating a gap that is filled by imports. Many forecasts 
project that the gap between supply and demand 
for domestic oil and natural gas will widen over the 
next 25 years and beyond. Hi.storically, technology 
advances have increased the recovery from existing 
wells and reservoirs. Technolog>' such as enhanced 
oil recovery (EOR) has the potential to improve recov- 
ery factors and reduce declining production.^® 

In 2005, over 17 percent of oil and 9 percent of natu- 
ral gas produced onshore in the United States came 
from marginal oil wells. The nation has more than 
400,000 marginal oil wells^” each producing on average 
2.2 barrels per day. Without these wells, U.S. imports 
would increase by nearly 7 percent to make up for the 
shortage. Increasingoperationai and regulatory costs, 
and diminisshing access to markets via pipelines, are 
all key factors that can contribute to the premature 
abandonment of marginal wells. When wells and 
fields are prematurely abandoned, the associated oil 
and gas resources may never be recovered due to eco- 
nomics. lease termination, and related issues. Access 
to existing fields provides the opportunity to deploy 
new technologies to enhance the ultimate recovery of 
oil and natural gas from these fields. 
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FIGURE ES-W. U.S. Oil Production 
and Consumption 



FIGURE ES’l 1 . U.S. Natural Gas Production 
and Consumption 
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Increase Access for 
New Energy Development 

For various reasons, access to some domestic 
energv'^ resources has become restricted. In the United 
States, an estimated 40 billion barrels of technically 
recoverable oil resources are either completely off- 
limits or are subject to significant lease restrictions. 
These resources are evenly split between onshore and 
offshore locations, as shown in Figure ES-12. Similar 
restrictions apply to more than 250 trillion cubic feet 
of natural gas. Another estimated 11 billion barrels of 
oil resources and 51 trillion cubic feet of natural gas 
resources are restricted in Canada. Advancements in 
technology and operating practices may now be able 
to alleviate the environmental concerns that originally 
contributed to some of these access restrictions. 
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There is vast potential for oil and natural gas from 
"unconventional” resources that could be significant 
contributors to U.S. oil and natural gas produc- 
tion over the next 25 years. Unconventional natural 
gas exists in formations of "tight" or physically con- 
strained deposits, in coalbt'ds, and in shale for-' 
maitons. This represents a significant and growing 
segment of U.S. natural gas production, estimated to be 
20-25 percent of current U.S. natural gas production. 
I'ypically, unconventional natural gas wells are pro- 
ductive longer than conventional wells, and they can 


contribute to sustaining supply over a longer period. 
Similariy, there are large deposits of crude oil in uncon- 
ventional formations where production is currently 
increasing with recent technology innovations. 

Vast hydrocarbon deposits exist in the oil shales in 
the Rocky Mountain region of the United States. Until 
recently, technology has been unavailable to produce 
these oil shale deposits at a competitive cost and with 
acceptable environmental impact. Research, devel- 
opment, and demonstration programs are increasing 
to advance the technologies required to expand eco- 
nomically and environmentally sustainable resource 
production. However, successfiil production at scale 
may still be several decades away. 
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Implementing these strategies can slow the inevi- 
table decline in U.S. oil and natural gas production, 
but is unlikely to reverse it. The gap between U.S. 
production and demand will continue to widen, par- 
ticularly for oil. Long lead-times and higher capital 
requirements to develop economical energy from 
new or remote locales, and from unconventional oil 
and natural gas resources, all contribute to the chal- 
lenge of moderating the U.S. production decline. 


Diversify Long- Term 
Energy Production 

Accelerate the Develijpntent of Energy 

from Biomass 

As total U.S. energy' demand grow's. there will be 
an increasing need to supplement energy supplies 
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ROCKY 

MOUNTAIN BASINS 



Note; TCF » Trillion Cubic Feet; B-8BL = Biillon Barrels. 
Source; U.S, Department of the Interior. 


FIGURE ES-12. U.S, Oil and Natural Gas Resources Affected by Access Restrictions 


with diversified domestic energy sources that are 
economically and environmentally viable and 
can be developed at commercial scale. Coal and 
nuclear power already play a significant role, 
and biomass is emerging as an option, primarily 
for conversion to transportation fuels. Wind and 
solar energy are forecast to grow faster than over- 
all energy demand, although their total projected 
contribution will remain small over this study 
period. Taken together, all these energy sources 
can contribute to reducing risks posed to energy 
supply security. 

Biomass includes wood, cultivated crops, and 
naturally growing vegetation that potentially can 
be converted to energy sources. First-generation 
biomass conversion to fuels has been based on 


crops like corn, sugarcane, soybeans, and palm 
oil. Developing second-generation biomass con- 
version technologies, such as cellulosic ethanol, 
which would use trees, energy crops, and plant 
waste as a feedstock, could allow non-food vegeta- 
tion to become a significant resource for fuel pro- 
duction. 

As with any newly developed energy sources, cer- 
tain technical, logistical, and market requirements 
must be met for biofuels to achieve significant 
scale. Challenges include: expanding rail, water- 
way, and pipeline transportation: scaling up etha- 
nol production plants and distribution systems; 
developing successful cellulosic ethanol conver- 
sion technology; and maximizing the potential of 
arable land. 
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Enable the Long-Term Environmental 
Viability of Coal for Power, Fuel, and 
Feedstock 

Given the vast coal resource base in the United 
States — by some estimates, the world’s largest — and 
the major contribution that coal makes to electric- 
ity generation today, coal needs to remain a viable 
long-term component of U.S. energy supply. Many 
studies forecast gs-owlh ir? coal use for power, plus 
additional. g.rGwth for direct conversion, of coal to 
liquids to diversify the fuel supply. However, coal- 
combustion is valso the largest source of CO 2 eiuis- 
sioiis from energy production. Adding coal-to- 
liquids production at scale, as with conversion of 
most heavy unconventional hydrocarbons, would 
generate large additional CO 2 volumes. Therefore, 
addressing carbon constraints at scale will likely 
be an essential requirement for retaining coal as a 
viable part of the energy supply system. Recom- 
mendations for maintaining coal's long-term viabil- 
ity are discussed specifically in the section entitled 
“Address Carbon Constraints” later in this Executive 
Summary. 


Expand Do.oiestIc Nuclear Capability 

Energy' projections gencralh' show a eonti.uuiiig 
role for nuclear energy, notwithstanding concerns 
about safety, security, radioactive waste, and weap- 
ons proliferation. In a carbon constrained environ- 
ment, nuclear energy may need to become a much 
larger part of the energy? mix. Nuclear energy must 
remain viable over the 25 years considered in this 
study — both to meet projected demand and to pro- 
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Strengthen Global and 
U.S. Energy Security 

Besides expanding U.S. oil and natural gas pro- 
duction and developing additional domestic energy 
types at commercial scale, it will be necessary to 
enlarge and diversify oil and natural gas supplies 
from global markets. The long lead-times needed 
to build domestic energy alternatives at commer- 
cial scale will require the United Stales to remain 
engaged in international energy markets beyond 
the time frame considered in this study. Moreover, 
oil and natural gas supplies fronr major resource- 
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holding countries often bear lower production and 
development costs than do U.S. domestic sources. 
Maintaining U.S. access to these sources will con- 
tribute to an affordable U.S. energy supply and pro- 
mote U.S. competitiveness in the global market- 
place. 

The world is entering a period in which interna- 
lionai enef'gy d.e\^elopm(^nt and trade are likely to be. 
jriOuenced more by geopoliticai considerations and 
less by die free play of open markets and traditional 
commercial interactions among international energy 
companies. Global competition for oil and natu- 
ral gas will likely intensify as demand grows, as new 
parlies enter the market, as some ^suppliers seek to 
exploit their resources for political ends, and as con- 
sumers explore new ways to guarantee their sources 
of suppiiy. 

These shifts pose profound implications for U.S. 
interests, strategies, and policy making as well as for 
the ways that energy companies conduct business. 
Many of the expected changes could heighten risks 
to U.S. energy^ security in a world where U.S. influ- 
ence Is likely to decline as economic power shifts to 


other nations. In years to come, security threats to 
the world’s main sources of oil and natural gas may 
worsen. 

In geoeconomic terms, the biggest impact will 
come from increasing demand for oil and natural 
gas from developing countries. This demand may 
outpace timely development of new supply sources, 
thereby pressuring prices to rise. In geopolitical 
terms, the consequences of shifting the balance 
between developed and developing countries will 
be magnified by the accelerating demand coming 
most strongly from China, India, and other emerging 
economies. 

These developments are taking place against a 
background of rising lioslility to giobalizalion in 
large parts of the world, including in many industri- 
alized countries that benefit from it. This hostility 
could possibly fracture the global trading system. 
The political will to complete multilateral trade 
negotiations may be ebbing as major producers and 
consumers seek bilateral or regional preferential 
agreements that can fragment world trade, increase 
costs, and dimmish market efficiency. 
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Reinforce Capabilities to 
Meet New Challenges 

To meet the world’s growing energy needs, critical 
capabilities for delivering energy supplies will need 
to be improved. These critical capabilities include: 

® Assessing future infrastructure requirements 
® Developing human resources 

I 24 


• Encouraging technology advancement 

• Enhancing the quality of energy data and informa- 
tion, including expanding knowledge of resource 

endowments. 

Develop a Comprehensive Forecast of 
U,S. Infrastj'ucture Requirements 

Transportation intTastrncUsre plays a vital role 
in delivering energy and other commodities from 
resource locations to shipping centers, to manu- 
facturing plants for processing, and ultimately to 
demand centers for consumption. The transpor- 
tation system as a wiiole is an immense network 
of pipelines, railways, w-^aterways, ports, terminals, 
and roadways that has evolved over the past two 
centuries. The system today is a highly complex, 
robust delivery network that operates in a safe, reli- 
able manner and serves as the foundation for the 
country’s economic activity. 

Shipments of goods have increased substantially 
using all modes of transport. The spare capac- 
ity and redundancies in the various infrastructure 
systems that existed 25 to 30 years ago have dimin- 
ished. Continuing growth will require additions to 
infrastructure. 

New infrastructure investments will also be 
required as nontraditional energy sources grow. 
Infrastructure requirements for many alternative 
energy sources, such as biofuels and unconven- 
tional oil and natural gas, will be significant and 
yet arc often underestimated. The potential scale 
of CCS activities would also require significant new 
infrastructure. 

Energy supply and demand projections to 2030 
generally assume infrastructure will be built if it 
is economic to do so. These forecasts generally 
assume no constraints on the ability to finance, per- 
mit, and build the infrastructure required to supply 
increasing kinds and amounts of energy. In practice, 
however, social, environmental, and land-use con- 
straints do affect infrastructure planning and devel- 
opment. Complex permitting procevsses lengthen 
the time and cost of infrastructure construction and 
maintenance or may entirely preclude the infra- 
structure needed for certain energy' options. Addi- 
tional information is needed to understand the full 
requirements for energy infrastructure additions 
and the potential limitations to timely investment. 
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Rebuild US. Science and 
Engineering Capabilities 

As the post-World-War-I! baby-boom generation 
begins to retire, the energy industry faces a severe 
human resource challenge. Nearly half of personnel 
in the U.S. energy industries will be eligible for retire- 
ment within the next 10 years, and fewer people have 
entered the workforce over the past generation. A 
“demographic cliff" is looming in all areas of energy 
industry employment.-^’ A hard truth is that the U.S. 
energy workforce must be replenished and trained, 
although too few young people are preparing for the 
opportunities. 

An Ame'i'ican P{H:roieiim Institute survey in 2004 
indicated that hy 2009 there will be a 38'percent 
shortage of engineers and geoscientists and a 28-per- 
cent shortage of instrumentation and electrical work- 
ers in the U.S. oil and gas industry. Statistics for other 
science, engineering, and technology professions 
specifically within the energy industry are not avail- 
able, but the problem extends to those areas as well. 
One of the more important predictors for the future 
supply of potential employees in oil and natural gas is 
the number of students earning university degrees in 
petroleum engineering and geosciences. f'nroLlment 
in these pei:roiecfinic;;\l progratns lias dropped about 
75 percent over the lajit quarter-century. 

The United Stales has traditionally been a leader In 
the global energ\’ industry, but that position is threat- 
ened by the anticipated loss of experience through 
retirements, without adequate replacements. The 
U.S. government and the energy industry should 
work actively to renew this vital workforce through 


education, recruitment, development, and reten- 
tion — much as companies strive to develop and 
renew energy supplies. 

Federal and state governments can play an impor- 
tant role by funding university research and develop- 
ment in science and technology. Consistent support 
for university research programs relating to the energy 
industry will signal prospective students that these 
subjects are vital to the country^. For example, several 
universities have recently increased petrotechnicai 
enrollment by active recruiting aimed at high school 
seniors, their parents, and their counselors. These 
results indicate that vigorous recruiting can yield pos- 
itive results, but efforts need to be more widespread. 
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There is insufficient time to train enough young pro- 
fessionals to fill the positions opening over the next 
decade. Accelerating competencies through knowl- 
edge sharing, coaching, and mentoring will become 
critical. Many retirees might prefer to phase-in retire- 
ment, but face regulatory barriers that restrict their 
part-time work. These individuals’ expertise should 
be harnessed to prepare the next generation in both 
professional and vocational training programs. 
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Across continents, there is a geographical dispar- 
ity in the supply of new graduates for some energy 
related fields (Figure ES-13). Over the next ten years, 
the number of foreign nationals allowed to work in 
the United States will be restricted by the number of 
work permits issued each year. Increasing the quo- 
tas on work and study permits can help alleviate this 
geographical imbalance, and support U.S. energy 
productivity. 



Create Research and Development 
Opportunities 

The oil and natural gas industry^ uses advanced, 
state-of-the-art technalogy. Exploration specialists 
interpret geologic structures miles beneath the earth’s 
surface. Drilling engineers access the resources found 
at extreme deptlis. at higli temperature and pressure, 
and often in remote and physically challenging places. 
Production engineers bring the oil and natural gas to 
the surface through miles of pipeline, also under some- 
times extreme conditions, and deliver them to refin- 
eries. Once there, increasingly heavy and sutfurous 
crude oils are refined into useful products. i\Jl these 
accomplishments are achieved today with a smaller 
environmental “footprint” than even a decade ago, and 
are conducted more economically than ever before. 

Most energy technology' is developed by industry in 
response to a resource opportunity, such as opening 



ANNUAL AVERAGE ,g;v 

OVER NEXT 10 YEARS . 

Source: Schlumberger Business Consulting study, 2005. , 

FIGURE ES-13. The Regional Imbdlarux of Petmtechnical Graduates 
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expioration ii\ the deepwater Gulf of Mexico. Fewer 
investments are being directed to researching possi- 
bilities for energy production in the continental United 
States, where accessible conventional opportunities 
are maturing. Government has a role in creating new 
opportunities and developing the regulatory framewotk 
and infrastructure needed to extract new resources. 
Enhanced oil recovery is an activity for which fiindir^ 
by the DOE for research could pay significant dividends 
through increased domestic production. Coalbed meth- 
ane and oil shale present additional opportunities. 

The decline in DOE-flinded oil and natural ^s- 
reiated research and development in the past two years 
has affected both universities and the National l.abora- 
tories. Governmentfundingin engineeringand science, 
when distributed to universities and National Labora- 
tories, sustains these important institutions. It is vital 
tliat tfiis fi.mding is accompanied by contracts that cal! 
for spending accountability and research delivery. 

The national interest is also well served when the 
government supports large-scale demonstration proj- 
ects, such as the FutureGen program to integrate large- 
scale electricity generation with carbon capture and 
sequestration. In addition, government and industry 
would benefit from collaborating in several critical 
areas, including advanced materials, bioprocess, and 
meteorological and oceanic (metocean) research. 
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Improve the Quality of Energy Data 
and Information 

As the study teams examined multiple forecasts, 
they observed that some of the important basic data 
and information were incomplete, inconsistent, 
dated, or oversimplified. Investment and policy deci- 
sions are increasingly informed by such uncertain 
data. For example, some disparities in predictions 
for future oil and natural gas supplies result from 
divergent estimates of the underlying resources and 
their deitverabilily. Additionally, little or no quantita- 
tive data are available to clearly understand the need 
for additional infrastructure capacity. 
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There are many energy outlooks, but most base 
their projections for future fossil-fuel production 
on a few publicly available resource estimaies, most 
notably the U.S. Geological Survey (USGS) assess- 
ments. Since these assessment.^ are comprehen- 
sively updated only every decade or so, the funda- 
mental data for energy policy decisions may not 
reflect the most current perspectives. In addition, 
the many organizations involved in energy forecast- 
ing and analysis often apply different methodolo- 
gies and assumptions to the assessments, which can 
create misunderstandings about future production 
capabilities. 

This study’s results confirm the primary importance 
of maintaining comprehensive, up-to-date, funda- 
mental assessments of the global oil, natural gas, and 
coal endowment and recoverable resources. Although 
each such assessment produces inherent uncertain- 
ties based on the .state of geological knowledge and 
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observational information, a new, comprehensive 
assessment would more accurately frame the condition 
of the fossil resource base for policy decision making 
and strategy. Additionally, given the growing contribu- 
tion expected from biomass-based energy sources by 
2030, a global assessment of this renewable resource 
would provide a more complete outlook for the avail- 
able energy endowment. 

In order to increase the reliability and timeliness 
of fundamental endowment and resource data, the 
United States should collaborate with other global 
stakeholders to improve the collection, manage- 
ment, interpretation, and communication of data 
and estimates for energy endowments and recover- 
able resources. 
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Address Carbon Constraints 

There is growing concern that the global climate is 
warming, and that CO 2 emissions from human activ-: 
ity play a role. The NPC did not examine the science 
of climate change. But recognizing that an increasing 
number of initiatives to reduce these emissions are 
emerging, the NPC considered the potential effect of 



1980 1990 2000 2010 2020 2030 

YEAR 


Source: lEA, World Energy Outlook 2006, Reference Case. 
FIGUREES'14. World Carbon Dioxide Emissions 


CO 2 emissions constraints on energy and opportuni- 
ties for technology application. Limits on CO 2 emis- 
sions could restrict fossil fuel use, which currently 
provides more than 80 percent of the world’s energy. 
Therefore, it is increasingly important to plan for 
potential constraints on CO 2 emissions as part of any 
overall energy strategy. 

By its nature, climate change is global. CO 2 emis- 
sions from burning fossil fuels contribute to the overall 
flux of carbon between the atmosphere, the land, and 
the oceans. By mbdng in the atmosphere, CO 2 emitted 
anywhere in the world is distributed around the globe. 

The United States was the world’s largest CO 2 emit- 
ter from energy use as of 2005,^^ both in toud emis- 
sions and on a per-capita basis, but most projected 
growth of CO 2 emissions is in the developing world, as 
illustrated in Figure ES-14. Significantly reducing CO 2 
emissions would require global, broad-based actions 
over decades, with major and sustained investment. 

Enable Carbon Capture and Sequestration 

Coal combustion is the largest source of CO. 
emissions from energy use, and coa! is projected to 
remain a major fuel for electricity generation in most 
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forecasts. The resource base for coaJ is much larger 
than that for oil and natural gas> and the United States 
has the world’s largest coal resource by some esti- 
mates.^^ One opportunity for reducing CO 2 emissions 
is carbon capiure ao<l sequestration, which traps CO 2 
and stores it underground. Extensive, commercial 
scale deployment of this technology could allow con- 
tinued coal use in a carbon constrained future. Addi- 
tionally, some unconventional oil production requires 
substantial energy, increasing CO 2 emissions per unit 
of delivered energy, and future development could be 
influenced by the availability of CCS. An initial suite 



of technologies for large-scale CCS implementation 
already exists within the oil and natural gas indus- 
try, although such technologies have yet to be dem- 
onstrated in combination and at commercial scale. 
More importantly, a legal and regulatory framework 
for long-term CO;, storage is still lacking. 

Scale is also a mafor consideration for CCS. In 
the United States, if all the CO 2 from today's coal- 
fired electricity generation were collected and com- 
pressed, it would total 50 million barrels per day.^ 
This amounts to 2¥j times the volume of oil handled 
daily in the United States. To accommodate such vol- 
umes, potential storage sites need to be mapped and 
assessed. 
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A comprehensive approach to carbon management 
would include measures to; boost energ>' efficiency 
and reduce demand: increase use of power that is 
not carbon based (nuclear, wind, solar, tidal, ocean- 
thermal, and geo-tbermid); shift to iow^er carbon fuels. 
Including renewables: and deploy CCS. Putting a cost 
on carbon emissions across all economic sectors, 
whether through a carbon tax or a carbon cap-and- 
trade mechanism, would allow the marketplace to 
find the lowest cost combination of steps to achieve 
carbon reduction. Any cost should be imposed in a 
predictable manner over the long term, since regu- 
latory uncertainty weakens the investment climate 
and has the potential to disrupt economic activity. 
Any cost imposed should also consider the actions 
of other countries and the resulting effect on U.S. 
competitiveness. 



2S 


398 


s !■ i ii> isTi^iir'rL. i-"r-i>rs H^=ni=rs iiiiihiSrg 

. . . ■ -- I M> >>»,> «> • rf\>k Ik'"*- < 

lilr-" I , -Vi 'li » rl'hiilhl i'UL 

iiiM ^ > r* t t -ihii i‘ wi iiii *1 I I --’•il'iJI tfilliL 

I •.i', '.I- I Itti -Ill •*r> l’r«-’riiirif 

iy i{|i L Li 'IIM'iM ■'’>* r^itfii'i ■'•' hb ih** ariiirijai 

l| I M| ilii It '~r"i Pi ' r I ^ilb rt'ojdii} jiriit a 
ip;i lit il r> iliii » •>! i> r li fi jsu. i.i>Sl. lpJ! 

■hi I ^ 1 i ill! I i>..>ihi»f 4 n!!R- 

J'iLEmlh Ekkrpgei^ 

t i^j .1 l|Ri| 9 irafrlr Pf|[iiiwriific ■ ar -rtfiit 
!■ 'r hi-li !■ 'hk in'jfT ' Errii'i »! 

hr- t 1 |r'<; I‘l'»n prv. Eiijr^ q m-Hrkpi-hfc-rfiil 
lilt hi'Hiurr I I ‘Il III ‘liHI 'fiiiii Vil >. i LM P'llu* '* 

■ I III >l■■^ rri' '•>' ■ in ‘Sii an iyf 

■ ■ tr- ■ iiai ilpife rmirik h?iii !• jiiusLirk ppLII 

• iMhp il > I till ■ t|i ill JihJ h>- I'lijE iinniipi nt 
>111 ill* i> ■'‘i hp -jthiup^ v.‘lhlr. d -ALi 

II III i> • >r L.iiii liiiM l> ? i^lWP 

[| I || 'III ■■ I. • ‘ii r> 'iin n 1 t 1 1 . in 

il'i II itliii I I III iiMiMiiJiii i hi: i>!Enilk' i -ir 

t»i ; r Li.U‘Lf , E‘ h L> . >1 ki ki|^rr|; ^ymzm 
h ■ I I irilH>- t IS ‘ ir ii^aa ih 4ri th*: rrihilLin d-raci ilT 
I III I 111 T > ' rti’Lik j»uryL‘5 fjj uhQfn r-r=.i'. 

■ i ills I ii|i t I -I mnr-> r‘KHEl} rjii KiTi pccrEilLs 
'r-‘*m •“-IKe'Ei. 

I rr . I El ri ^ 1 1 1 1 1 iT ~ I'; i iiji i nf iif i iiirfr [ffruii It hjI i r i r 

lull' pubu.'- J'fcu-Ju.rs-. 

. r "I 'he I •! : >-ra \a ErbLkcLiji:. 

Potential Effect of 
Recommended Strategies 

The Council proposes five core strategies to assist 
markets in meeting the energy challenges to 2030 
and beyond. An illustration of the potential effect of 
implementing all the recommended strategies is 
shown in Figure ES-IS. Starting with the EIA Refer- 
ence Case for U.S. liquid fuel demand, the potential 
effect of the recommended demand reduction strat- : 
egies is shown in light green. The potential effects 
of recommended strategies to moderate the decline 
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of conventional supplies, and strategies to further 
expand and diversify supplies are shown in dark green. 
The combined effect of the recommended strategies 
would reduce the gap between domestic demand and 
supply by about one-third from 2006 to 2030 in this 
illustration — improving the outlook for energy avail- 
ability, reliability, cost, and environmental impact. 

Given the massive scale of the global energy system 
and the long lead-times necessary to make signifi- 
cant changes, concerted actions to implement tliese 
recommendations must be taken now, and sustained 
over the tong term, to promote U.S. competitiveness 
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Source: EIA, International Energy Outlook 2006, Reference Case / NPC Global Oil and Gas study estimates. 

FIGURE ES~I5. Illustrative Effect of Recommended Strategies for the UnitedStates 


by balancing economic, security, and environmental 
goals. The following report chapters detail more fully 
the challenges posed by the complexity of the world’s 
integrated energy system and the opportunities to 
secure a more reliable energy future. 

Endnotes 

1 The OECD (Orsanisation for Econoinic Co-operation and Dc- 
vel(Dprnent) includes AustriUia, Austria. Belgium, Canada, Czech 
Republic, Denmark, Finland. France, Germany, Greece, Hun- 
gary, Iceland. Italy, Japan, Korea, Luxembourg, Mexico. Netlier- 
lands, New Zealand, Norway, Poland, Portugal, Slovak Repub- 
lic, Spain. Sweden. Switzerland, Turkey. United Kingdom, and 
United States of America. 

2 For 2003, per the lEA’s World Energy OuTlook2005andthe?.iAs 
International Energy Outlook 2006. 

3 As of year-end 2005, 31 ,6 million cars and 1.3 billion people, as 
reported by the China National Statistics Bureau. 

4 Penhe U.S BureauonTansportation Statistics, the United States 
had 1.37 million cars in 200-4; population was 281 million. But 
the U.S. also has a large number of trucks/SUVsu.sed as passen- 
ger vehicles, which are unfortunately not reported separately. A 
cio.se approximation would be the category of "other vehicles — . 
tw'o axle, four wheel," which would add 92 million vehicles and ., 
bring the toud for U.S. “passenger vehicles” to 228 million, fora 
ratio of 8 passenger vehicles for 1 0 people. 

.5 "Primary Energy” refers to first use of an energy source. For 
example, coal can be burned to produce electricity. There are . 
losses of energy in the process of generating and transmitting 
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the electricity to the eml user, such that the energy vidue of 
electricity finally used is less tlian the energy value of the coal 
initially burned. In this example, coal is the primary energy, not 
the final electricity used. 

6 The “Billion Ton Study” - 8fo/n<3S,t rts a Feedstock for a Bioenergy 
and Bioproducts Industry: The Th'hnii'al Feasibility of a Billion- 
Ton Annual Supply, USDA and USDOE, April 2005, available at 
http: //w\w.os!i.gov, -bridge. 

7 About 240 years based on the most recent study by USGS in 
1974. Just prior to publication of this NPC study, die National 
Academy of Sciences issued a report suggesting that economi- 
ediy recowrable coal reserv'es in the U,S. might be lower than 
the 1.974 USGS study— -approximately 100 years of current con- 
sumption. 

8 See in this report. “New Patterns of Trade” .section in Chapter 4, 
(^0{)Oi3tiCS. 

9 See World OH Outlook 2007, OPIiC Secretariat, especially pages 
2. 7. and 8. 

10 IliA World Energy Oftftooi: 2006, Chapter 12, page 31 5. 

11 Refer to the T^chnnlog}' Development Topic Keport accompany- 
ing this report. Section F. 

12 The Hibernia platform discovery in .1979, first production in 
1997, producing 180,000 barrels per day. hnfn/livwiv.hiber' 
nuEca 

13 The Thunder Horse Platform discovery in 1999, design capacity 
250,000 barrels per day. hi!p:iiWu-w.b',>.com 

14 Per reported estimates for a proposed new refineiy by fJie .Ari- 
zona Refining Company, iinp:!!xvmt’.cirizamid(\mUwh..com 
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15 American Association of Oil Pipelines. 

16 National Petroleum Council, Balancing Natural GasPoU(y,2003. 

17 For example, see The Crude Oil Windfall Profit Tax of the 1980s — 
Implications for Current Energy Policy, Congressional Research 
Service, 2006, available at hstp://nation3!iourn;il-com./polic>’- 

<:o!Hu:i!/eni,'rgy/lcgnsir/0'lM06CHS Crude.pclf. 

18 See in tills report, "Transportation Efficiency” section of Chapter 
3, Technology. The extent to which technologies translate into re- 
ductions in fuel consumption depends on several factors, indiid- 
ing costs, consumer preferences, availability, deployment, and 
timing. 

19 The potential fuel savings of 3 to 5 million barrels per day in 
2030 is relative to a scenario where current fuel economy stan- 
dards remain unchanged through 2030. 

20 Baseline projections taken from Energy Information Adminis- 
tration, Annual Energy Outlook 2007 with Projections to 2030, 
Table 2, February 2007, htTp://vvn'\v,eia.doe.gov/oiaf/aeo/ex- 
i.d/aeoiab 2.xJs; savings estimates taken from several studies 
including Building on Success. Policies to Seduce Energy Waste in 
Buildings, Joe Loper, Lowell Ungar, Da\ad Weitz and Harry Mi- 
suriello - Alliance to Save Energy, July 2005. “Achiev'able” used 
here means that the measures are currently available and the 
savings can be realized with a reasonable level of effort and with 
acceptable reductions, if any, in perceived amenity v-alue. 

For additional discussion, see the National Action Plan for En- 
ergy Efficiency, which is available at; Jutp;/ awvw, opa.gov/dcan- 
rgy/fictionplan/ecactionplan.htni. 

21 From Building on Success, Policies to Reduce Energy Waste in 
Buildings, Joe Loper, Lowell Ungar, David Weitz and Harry 
MisurieUo - Alliance to Save Energy. July 2005, pp. 18-19. For 
a compilation of compliance studies, see U.S. Department of 
Energy, Base/ine Sfudtes, on web site {htip;//ww’w,energy’cod.es. 
gov.'implc'tnei.it/baselinc..studies..stm). Arkansas reports 36 of 
100 homes in the study sample did not meet the HVAC require- 
ments of the state energy code. 

22 From Building on Success, Policies to Reduce Energy Waste in 
Buildings, Joe Loper, Lowell Ungar, David Weitz and Harry Mi- 
suriello - Alliance to Save Energy, July 2005, p. 24. 

23 For additional savings potential see Steven Nadel, Andrew 
deLaski, Maggie Eldridge, & Jim Kleisch, Leading the Way: Con- 
tinued Opportunities for New Slate Appliance and Equipment 
Efficiency Standards, March 2006, hitp://www.siandard.s;)-'-:)p. 
orK/{i062.pdf. 


24 From the Chemical Bandwidth Study, DOE. 2004; Energy Band- 
width ffirF^troleurn Refining Processes, DOE, 2006; Pulp and Pa- 
per Industry Energy Bandwidth Study, AiChE, 2006. 

See also Curbing Global Energy Demand Growth: The Energy 
Productivity Opportunity. McKinsey Global Institute, May 2007. 

25 “Combined heat and power” refers to using the excess heat from 
generating electricity to meet processing or building heat needs. 
This combination is frequently called "cogeneration” and results 
in a substantia! increase in efficiency versus generating electric- 
ity and heat separately. 

26 See in this report, “Conventional Oil” section in Chapter 3, Tech- 
nology, for a full discussion of potential technologies that may 
increase conventional oil and gas recovery. 

27 A “maiginal weir is one that produces less than 10 barrels of oil 
per day. 

28 The “BillionTon Study" -Biomass as a Feedstock for a Bioenergy 
and Bioproducts Industry: The Technical Feasibility of a Billion- 
Ibn Annual Supply, USDA and USDOE, April 2005, available at 
http: //wwvv.osti.gov/ bridge. 

29 Seew'ww.fncrg>'coniniissimi.oi-g/}i.le.s/coMt.entl''i]cs.'rci)ort non 

interactive. ,44566reaabc5d.j.)df, page IV. 

30 Iranian oil exports were 2.5 million barrels per day in 2006 per 
the EIA. 

31 U.S. Department of Labor; “Identifying and Addressing Work- 
force Challenges in America’s Energy Industry,” President's High 
Growth Job lYaining Initiative, U.S. DDL Employment Training 
Administration (March 2007). 

32 According to a preliminary estimate by the Netherlands En- 
vironmental Assessment Agency, China overtook the United 
States in total COj emissions for the year 2006. More informa- 
tion at htip;//ww\v.mnp.nl/(;n/dossiefs/Climait:charige/nK.)r(>- 
info/Chinanov\'nolinC02emissionsU.SAi.n.s(.'condpofi){ion, 
httnl, 

33 Based on the 1974 USGS assessment. A very recent study by the 
National Academy of Science suggests that the U.S. economi- 
cally recoverable coal resource may only be -40% of the USGS 
estimate. 

34 Based on 150,000 barrels per day of supercritical C02from a 
one-gigawatt coal-fired power plant and 2,090 terawatt-hours 
of co^-fired electricity generation in the United States in 2004 
per the EIA. 


32 


Facing the Hard Truths about Energy 



401 



T he Demand Task Group organized its activities into 
six subgroups (Demand Data Evaluation, Electric 
Generation Efficiency, Coal Impact, Industrial 
Efficiency, Cultural/Social/Economic IVends, and 
Residential/Commercial Efficiency). The output 
of these efforts led to a series of observations and 
development of potential policy options. Detailed 
discussions of the work of each subgroup have been 
included in the report as topic papers. Hiese topic 
papers are included on the CD distributed with the 
report (a list of all the topic papers can be found in 
Appendix E). 


• The purpose of the Demand Data Evaluation sub- 
group was to summarize and compare the output 
from publicly available, integrated energy projec- 
tions for the world, to understand the underly- 
ing basis of those projections, and to compare the 
results with other projections that were either non- 
integrated or available only as aggregated propri- 
etary studies. 

• The intent of the Electric Generation Efficiency 
subgroup was to understand the efficiency poten- 
tial in the electric generation sector and estimate 
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the portion of that potential that is included in the 
available projections. 

* The Coal Impact subgroup examined both the coal 
supply and demand trends. The primary goals were 
to compare the projected demand for coal in the 
outlooks examined with the potential future sup- 
ply of coal on a worldwide and regional basis and to 
evaluate coal transportation factors. 

« The focus of the Industrial Efficiency subgroup 
was to define the potential for energy-efficiency 
improvement in the industrial energy sector and 
to compare that potential to an estimate of the effi- 
ciency that is embedded in the outlooks examined 
for the study. This effort also investigated historical 
patterns of industrial feedstock use and how they 
changed over time. 

• The Cultural/Social/Economic Tfends subgroup 
undertook a broad area of investigation aimed at 
examining how non-technical factors affect energy 
demand, including how these factors have changed 
over time and how they might be expected to 
change in the future. 

• The Residential /Commercial Efficiency sub- 
group looked at the potential for energy-efficiency 
improvement in the residential and commercial 
end-use sectors. Much of this effort focused on the 
potential to reduce energy losses in existing struc- 
tures, the potential impact of appliance standards 
on energy use, and the potential impact of new 
building standards. 

* Each of these subgroup efforts resulted in forma- 
tion of observations associated with the respective 
areas. The Demand Task Group reviewed all of the 
observations and organized them into a list of those 
that appear to be the most significant. 

» The next step in the process was to develop poten- 
tial policy options, which were used as input into the 
study recommendations process after the Demand 
Task Group reduced the overall list to those it iden- 
tified as most significant. 

DEMAND STUDY OBSERVATIONS 

The output of each of the demand subgroups pro- 
vides a broad view of historical and projected world- 
wide and regional energy use. Many observations were 
derived from the subgroups’ efforts. The list of obser- 
vations were reduced to eighteen that the Demand Task 
Group deemed to be the most significant and broad 


based.’ The rest of the observations can be found in 
the individual demand siibgroup reports located in the 
topic papers. 

1 . Income and population are prime drivers of 
energy demand. 

Tlie assumed rate of economic growth is a key vari- 
able in projections of global energy demand. Popula- 
tion growth and the size of a region’s population are 
also important variables. Projected annual average 
^obal economic growth from 2000 to 2030 ranges 
from 3 percent to 4.4 percent in the publicly avail- 
able integrated energy outloola. From 1980 to 2000, 
global economic growth averaged 3.1 percent. 

2. There are varying views on the rate of global en- 
ergy demand growth. 

Projected annual average global energy demand 
growth from 2000 to 2030 ranges from 1.5 percent 
to 2.5 percent. Global energy demand growth 
averaged 1.7 percent from 1980 to 2000. High and 
low projections of economic growth result in high 
and low projections, respectively, of future energy 
growth. The difference in energy demand in 2030 
between the high and low growth rates is 224 qua- 
drillion Btu — equivalent to roughly half of global 
demand in 2005. 

3. There is a range of views on the rate of U.S. 
economic and energy demand growth. 

Projections of annual average U.S. economic 
growth from 2000 to 2030 in the public energy out- 
looks range from 2.3 percent to 3.3 percent. The 
1980 to 2000 average was 3.2 percent. Projected 
annua! average U.S. energy demand growth ranges 
from 0.5 percent to 1.3 percent. The 1980 to 2000 
average was 1,2 percent. The difference between 
the high and low energy demand growth rates from 
2000 to 2030 is 37 quadrillion Btu — equivalent to 
37 percent of 2005 total U.S. energy demand. 

4. In most cases, carbon dioxide emissions are 
closely related to projected energy use. 

Projected globed carbon dioxide emissions gen- 
erally grow at roughly the same rate as projected 


1 Unless otherwise noted, data referred to in this chapter and 
used in its figures and tables are from the Energy Information 
Administration’s (ElA) International Energy Outlook 2006 and 
the international Energy Agency’s (IF-A) VVbr/d Energy Outlook 
2006 . These data were gathered by the NPC Survey of Globa! 
Energy Supply/Demand Outlooks. 
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energy demand, while growth in the United States 
is slightly slower than energy demand growth. 

5. Fossil fuels remain the largest source of energy. 

In 2030, fossils fuels (oil, natural gas, and coal) are 
projected to account for between 83 and 87 per- 
cent of total world energy demand compared with 
85 percent in 2000. The share for the United States 
ranges from 81 to 87 percent in 2030. The U.S. 
share in 2000 was 86 percent. 

6. The projections indicate that a large and, in many 
cases, growing share of energy use will be met by 
coal. 

In all of the projections but one, annual aver- 
age demand growth for coal is faster than in the 
past for both the United States and the world. 
Resources do not appear to be limiting the pro- 
jected growth in coal use. However, use of coal will 
require infrastructure development, especially for 
transportation and unconventional uses such as 
coal to liquids. 

7. In most of the outlooks, world natural gas de- 
mand is projected to increase at a slower rate 
than in the past (1980 to 2000). 

Natural gas demand growth is still faster than total 
energy demand from 2000 to 2030. The result is 
natural gas gaining in market share. 

8. Growth in U.S. natural gas demand is projected 
to be significantly slower than in the past (1980 
to 2000), which results in a decline in its share of 
total U.S. energy. 

Despite slower demand growth, absolute U.S. con- 
sumption of natural gas is projected to continue to 
grow. 

9. Projected world demand growth for oil is faster 
than in the past (1980-2000), but less than the 
projected overall increase in energy demand re- 
sulting in a declining market share for oil. 

Annual average growth in world oil demand 
between 2000 and 2030 is projected to increase 
at an annual average rate ranging from 1.0 to 
1.9 percent. From 1980 to 2000, annual growth in 
world oil demand averaged 0.9 percent, in most 
cases, U.S. oil demand growth equals or exceeds 
the 0.6 percent annual average growth rate from 
1980 to 2000. 


10. Nuclear energy use is projected to contribute 
a declining share to world energy and U.S. 
energy consumption, but it grows in absolute 
terms. 

Both world and U.S. projections show nuclear 
energy use growing slower than total energy 
demand, and losing its share of the energy mix. 

11. TVansportation oil use is the largest component 
of oil demand growth in the world and the United 
States. 

Transportation increases its share of world and 
U.S. oil use. 

12. The share of natural gas use in the major end-use 
sectors — residential/commercial, industrial, and 
electric generation — changes over time. 

The publicly available projections show a declin- 
ing share of world natural gas use in the residen- 
tial and commercial sectors, essentially a constant 
share for industrial purposes, and an increasing 
share for electric generation. In the United States, 
the natural gas share remains essentially con- 
stant in the residentiaj/commercial sector, while 
it declines in the industrial sector and grows for 
electric generation. 

IS.Energy demand in Asia/Oceanla is projected 
to grow at a faster rate than the global and U.S. 
averages. 

Projected energy growth in the publicly available 
integrated projections indicates that Asia/Oce- 
ania’s share of total world energy demand will 
increase by about 10 percent between 2000 and 
2030. Over the same period, despite rising abso- 
lute consumption, the United States’ share of total 
world energy use is projected to decline by about 
2 percent. 

14. Energy use is projected to grow slower than eco- 
nomic activity in both the world and the United 
States, resulting in a projected decline in energy 
intensity. 

World energy use is projected to grow slower 
than economic growth. This is a continuation 
of past trends. The United States is expected 
to exhibit a similar profile. Energy intensity 
(energy use per unit of gross domestic product, 
GDP) declines at a faster rate in Asia/Oceania 
than in North America. 
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15. Global and U.S. energy consumption, per capita, 
is projected to increase. 

With the exception of one case, in all the publicly 
available integrated projections, energy use per 
capita increases in the world, Asia, and the United 
States. From 1980 to 2000, energy use per capita 
was essentially constant in the United States, while 
it increased in Asia. 

16. U.S. per capita energy consumption is projected 
to remain higher than the world average. 

In most publicly available projections, U.S. energy 
use per capita in 2030 is projected to be 4 times 
greater than the world average and 6 times greater 
than in Asia. In 2000, the U.S. to world ratio was 5 
and U.S. to Asia ratio was 11. 

17. U.S. energy efficiency Improvement, as mea- 
sured by energy intensity, is projected to be 
equal to — or less than — the historical rate from 
1980 to 2000. 

Data limitations constrain insights into the 
amount of efficiency increase outside the United 
States that is built into the projections. However, 
the decrease in energy intensity suggests that 
there is an increase in energy efficiency under- 
pinning many of the projections. U.S. new light 
duty vehicle miles per gallon (mpg) appears to 
be projected to increase at 0.6 percent per year. 
U.S. industrial efficiency is estimated to increase 
by 5 percent over the projection period. There is 
potential for further energy efficiency improve- 
ment in both of these sectors as well as in the 
residential/ commercial sectors, 

18. Applying additional policy initiatives could 
change the energy, economic, and environmen- 
tal oudook. 

In a projection that assumed the enactment of 
several additional policies — the lEA Alternative 
Policy Case — total world energy' demand growth 
from 2000 to 2030 was about 0.4 percent per year 
lower then in the lEA Reference Case. In the same 
Alternative Policy Case, growth in U.S. energy 
demand was 0.3 percent per year lower than in 
the Reference Case. Global carbon dioxide emis- 
sions are 6 billion metric tons lower (34 billion 
metric tons) in 2030 in the TEA Alternative Policy 
Case than in the lEA Reference Case (40 billion 
metric tons). 


DEMAND SUMMARY 

The NPC Demand Task Group reviewed, analyzed, 
and compared projections of world energy demand. 
These projection data were gathered by the NPC Sur- 
vey of Globa! Energy Supply/Demand Outlooks and 
collected in the NPC data warehouse, a repository 
for data and information used in this study, which 
is discussed in the Methodoiogy chapter. Publicly 
available demand data from the U.S. Department of 
Energy's Energy Information Administration and the 
International Energy Agency were the main focus of 
the analysis. Aggregated proprietary data and data 
from other, generally less complete, public outlooks 
were used primarily to establish whether the EIA and 
lEA outlooks provided a reasonable range of projec- 
tions for analysis. 

The three major input assumptions behind both the 
EIA and the lEA projections are economic growth, pop- 
ulation, and energy policies. In general, the economic 
growth projections (2000 to 2030) for the world exceed 
past (1980 to 2000) growth. World population growth 
projections in all cases are essentially the same. Popu- 
lation growth rates are projected to be generally lower 
than historical growth rates. 

The EIA projections generally include only those 
energy policies that are currently in effect and allow 
most policies to expire as currently enacted at their 
sunset dates. The lEA Reference Case, however, 
assumes the likely extension of public policies. The 
lEA Alternative Policy Case provides a significantly 
different energy policy approach, assuming not only 
existing energy policies and their logical extension, 
but also other policies that are under consideration 
around the world. Projected worldwide energy 
demand is shotvn in Figure 1-1, while projected U.S. 
energy demand is shown in Figure 1-2. 

World demand for petroleum liquids is projected 
to grow from about 76 million barrels per day in 2000 
to between 98 and 138 million barrels per day in 2030 
(Figure 1-3). U.S. petroleum liquids demand is pro- 
jected to grow from about 19 million barrels per day 
in 2000 to between 21 and 30 million barrels per day 
in 2030 (Figure 1 - 4 ). 

World natural gas demand is projected to range 
from 356 to 581 billion cubic feet per day in 2030, 
compared with 243 billion cubic feet per day in 2000 
(Figure 1-5). U.S. natural gas demand, which was 
64 billion cubic feet per day in 2000, is projected to 
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FIGURE 1-1. World Energy Demand— Average Annual Growth Rates 



FIGURE 1-2. U.S. Energy Demand— Average Annual Growth Rates 
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FIGURE 1 -3. World Petroleum Demand — Average Annual Growth Rates 
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FIGURE 1-4. U.S. Petroleum Demand — Average Annual Growth Rates 
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FIGURE 1-5. World Natural Gas Demand — Average Annual Growth Rates 
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FIGURE 1-6. U.S. Natural Gas Demand — Average Annual Growth Rates 
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range from 59 to 78 billion cubic feet per day in 2030 
(Figure 1-6). 

On a world basis, oil use is generally expected to 
lose share, while share gain is expected in the United 
States. On the other hand, worldwide natural gas 
use share is projected to increase (Figure 1-7). In the 
United States, the projections indicate litde change to 
a slight decline in natural gas use share (Figure 1-8), 

Worldwide carbon dioxide emissions grow from 
24 billion metric tons in 2000 and are projected 
to range from 34 to 51 billion metric tons in 2030 
(Figure 1-9). In all cases, carbon dioxide emissions 
increase at about the same rate as energy demand. 
In 2030, projected carbon dioxide emissions in the 
United States range from 6.3 to 9 billion metric tons 
compared with 5.8 billion metric tons in 2000. 

Regional shares of energy use are projected to 
change over time. The share of total worldwide energy 
consumed in North America, OECD Europe, and 
Non-OECD Europe & Eurasia is projected to fall in ail 
of the cases, while the share in Asia/Oceania grows 
(Table 1-1). In general, the change in the oil share 
of total worldwide oil consumed by region parallels 



TABLE 1-1. Regional Energy Shares 


the change in the share of total energy consumption, 
with industrialized regions losing share and the Asia/ 
Oceania oil share increasing significantly. 
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FIGURE 1-9. World Carbon Dioxide Emissions — Average Annual Growth Rates 
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Improvement in the efficiency of energy'' use is an 
important factor determining future energy use. The 
models used to project future energy use are complex, 
which makes it difficult to provide precise estimates 
of the efficiency improvement built into the projec- 
tions. However, energy use intensity (energy use per 
unit of GDP) provides a useful proxy and is projected 
to decline in all regions. 

Major Areas to Moderate Demand by- 
increasing Energy Efficiency 

Vehicle Fuel Economy 

The major use of liquid fuels in the United States is 
for transportation. The projections that were stud- 
ied indicate that transportation will likely remain 
the primary use of liquid fuels in the United States. 
Among various transportation uses, light duty vehi- 
cle use (automobiles and light trucks) is the largest 
component. Significant potential exists for effi- 
ciency improvements, but most projections do not 
expect this potential to be fully realized. In most 
of the other transportation uses, the EIA Reference 
Case projection uses most or all of the potential for 
efficiency improvement now or expected to be avail- 
able. 

Technically, there appears to be a potential for 
improving the efficiency of new light duty vehicles 
(fuel used per unit travel) by about 50 percent using 
technology improvements in several areas: engine 
efficiency; body improvements; driveline changes; 
accessory modifications; and hybrid technology use. 
Some of the changes are likely to have costs associ- 
ated with them as well as possible broader economic 
effects (see Technology chapter). 

The NPC global oil and gas study has not been 
conducted in a way that provides for internally gen- 
erated projections. However, it is possible to under- 
stand the potential size of an impact on U.S. light 
duty fuel consumption from incorporating an effi- 
ciency improvement of 50 percent in the U.S. new 
vehicle sales mix by 2030. By removing assump- 
tions that relate to changes in the vehicle sales mix, 
increases in vehicle performance, increases in vehi- 
cle energy use created by added comfort and con- 
venience options, and increases in miles driven per 
licensed driver, most of the factors that complicate 
direct understanding of a single factor like vehicle 
efficiency increase are set aside. 


The 50 percent improvement in new vehicle effi- 
ciency that has been discussed thus far is not consis- 
tent with the general public understanding of light 
duty vehicle efficiency. The general measure used to 
indicate the fuel -use characteristic of a vehicle is miles 
traveled per gallon of fuel used (mpg). A 50 percent 
reduction in fuel used per mile of travel (efficiency) 
is, mathematically, equivalent to a doubling of — or a 
100 percent increase in— mpg. 

There are many ways to build a ffiel use estimate of 
the impact of incorporating a new light duty vehicle 
efficiency improvement. Consequently, any estimate 
is, at best, cin indication of magnitude and not a pro- 
jected actual outcome. If it is assumed that the total 
100 percent improvement in new vehicle fuel economy 
is implemented by the year 2030, the potential impact 
appears to lower light duty vehicle ftiel consumption 
by 3 to 5 million barrels per day relative to a future with 
no improvement in new vehicle fuel economy. Fac- 
tors such as rate of new vehicle technology penetra- 
tion and new vehicle replacement in the on-road fleet 
have impacts on reduction in fuel use. New vehicle 
fuel economy improvement might vary from the rapid 
improvement rate in new vehicle fuel economy that 
occurred when the Corporate Average Fuel Economy 
program was instituted in the 1970s to a gradual incor- 
poration of new vehicle efficiency over the period to 
2030. Replacement of on-road light duty vehicles by 
new light duty vehicles has taken about 15 years. If the 
replacement period for light duty vehicles in the on- 
road fleet increases or decreases, the potential fuel use 
reduction decreases or increases. 

Obviously there are many other factors that are 
likely to change with time. Consequently, the estimate 
of potential savings should not be applied to any spe- 
cific future projection of U.S. light duty fuel demand, 
but should be used to indicate potential ma^itude. 
The ultimate outcome will depend on the specifics of 
program design and implementation. 

Consumption in the Residential and 
Commercial Sectors 

There appears to be sizeable potential to reduce 
energy consumption in U.S. residential and com- 
mercial sectors. The EIA Annual Energy Outlook 
2007 (AEO 2007) reported the residential/commerciai 
efficiency factors that are included in the projec- 
tion. The factors shown in Table 1-2 are greatly influ- 
enced by the replacement of old, relatively inefficient 
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TABLE I -2. Residential Stock Efficiency Improvements, 2007-2030 


equipment. Efficiency improvement in new equip- 
ment is expected to be less than the aggregated 
improvements in the table. 

Studies for efficiency improvements are largely spe- 
cific to regions, and often to energy types. A review 
of these studies suggests that anticipated energy use 
in the residential and commercial sectors could be 
reduced by roughly 15 to 20 percent through deploy- 
ment of cost-effective energy-efficiency measures 
that use existing, commercially available technolo- 
gies. Assumingthat all these measures are put in place 
over the next decades and that all other factors such 
as level of services are held constant, U.S. residential/ 
commercial energy consumption could be reduced 
by 7 to 9 quadrillion Btu. Technologies to accom- 


plish savings of these magnitudes are indicated to be 
available in the marketplace. However, some of these 
measures have initial cost and retrofit issues associ- 
ated with their use. 

While significant efficiency improvements have 
been made over the last several decades in building 
shells, systems, and appliances, these have been offset 
in part by additional energy service demand require- 
ments that have been imposed as a result of increased 
structure sizes and larger and multiple appliance use. 
As much as possible, programs to increase the effi- 
ciency in the U.S. residential/commercial sector need 
to avoid inclusion of measures that inadvertently 
encourage using energy services that decrease the 
effectiveness of ener^-efficiency measures. 
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U.S. Industrial Sector Efficiency 

The industrial sector is a price-responsive con- 
sumer of energy’. U.S. energy-intensive industries 
and manufacturers rely on internationally competi- 
tive energy supplies to remain globally competitive. 
In recent years, U.S. natural gas prices have risen rela- 
tive to those in the rest of the world. As a result, U.S. 
energy-intensive industries and manufacturers using 
natural gas as a fuel or feedstock have responded by 
increasing the efficiency of their operations and/or by 
shifting a greater proportion of their operations out- 
side the United States. 

Energy efficiency opportunities exist for reducing 
energy use by about 15 percent broadly across the 
industrial sector. Areas of opportunity include waste 
heat recovery, separations, and combined heat and 
power. While 40 percent of that opportunity could be 
implemented now, research, development, demon- 
stration, and deployment are required before the rest 
can be implemented. If all of this efficiency could be 
put in place over the next20years, U.S. energy demand 
could be reduced by 4 to 7 quadrillion Btu compared 
with what It would be without the improvements. 


Table 1-3 indicates some of the barriers to adopting 
industrial energy efficiency measures. 

Research, development, and demonstration are 
needed to prove the technologies. However, focus on 
deployment of improved technologies and practices 
is particularly important because of the risk-averse 
character of manufacturing companies, the high 
capital cost of new equipment, the long life cycle of 
existing industrial equipment, access to unbiased 
information on technology performance, and lack 
of technically trained human resources. Addressing 
these issues will speed the diffusion of improved tech- 
nologies and practices. 

Making the federal research and development tax 
credit permanent, instead of legislatively renewing it 
every few years, is a way to encourage private invest- 
ment in industrial energy-efficiency research, devel- 
opment, demonstration, and deployment. 

U.S. Electric Power Generation Efficiency 

U.S. electricity generation efficiencies indicated in 
both the EIA and lEA outlooks show improvements 
over lime. The expected improvements come mainly 
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Sources: Energetics, Technology Roadmap: Energy Loss Reduction andRecov'ery in Industrial Energy Systems, 2004; Global Environmental 
Facility (GEE), Operation Program Number 5: Removal of Barriers to Energy Efficiency and Energy Conservation, 2003; Marilyn Brown, 
Market Failures and Barriers as a Basis for Clean Energy Policies, 2001: A.B. Jaffe, R.G. Newell, R.N. Stavins, "Energy- Efficient Technologies 
and Climate Change Policies: Issues and Evidence,” Resources for the Future, Climate Issue Brief No. 19, 1999, 
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from the replacement of retired plants with new 
plants that have better efficiencies. However, installa- 
tion of environmental control systems will add inter- 
nal energy requirements reducing the efficiency of a 
power generation plant. 

There are a few changes that can be made to 
make an existing power generation plant more effi- 
cient. Studies suggest the potential to improve the 
efficiency of existing U.S. power plants by 2 to 6 per- 
cent. Existing electric generation plant efficiency 
improvements generally fall into the following cat- 
egories. 

* Improved operation and maintenance practices 

• Replacement/upgrade of: 

- steam turbines 

- forced draft, primary air, and induced draft fens 

- condensers 

- air heaters 

- operating controls 

- soot blowers 

- burners. 

If these efficiency improvements could be captured in 
the next decades, energy savings would equal about 
1 quadrillion Btu. 

Capturing Efficiency Potential 

Current energy-efficiency polices will place down- 
ward pressure on future U.S. energy consumption. 
However, further energy reduction would be possible 
if additional energy-conservation-related policy is 
put in place. 

In commercially oriented end-uses such as indus- 
trial, electric generation, and commercially oriented 
transportation, the market price mechanism creates 
an incentive for using economically available energy 
efficiency technology. Programs to assist in research, 
development, demonstration, and deployment of 
energy-efficient technology would bolster the market 
mechanism in these areas. 

Energy conservation and efficiency use in areas 
where individual consumers are faced with com- 
plex choices that are not well understood, and where 
decisions are made by third parties who are not con- 
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suming and paying for the energy, are likely to ben- 
efit ft'om prudent application of technically practical 
and economically rational policies. Areas such as 
light duly vehicle fuel use and residential and com- 
mercial energy use could potentially benefit from 
well developed and implemented energy conserva- 
tion/efficiency policies. 

DEMAND DATA EVALUATION ♦ 

The Demand Data Evaluation Subgroup of the 
Demand Task Group reviewed, analyzed, and com- 
pared projection data collected in the NPC data ware- 
house. which is discussed in the Methodology chap- 
ter. Publicly available demand data from EIA and lEA 
were the main focus of the analysis. The aggregated 
proprietary data available in the NPC data warehouse 
were used primarily to establish whether the EIA and 
lEA projections provided a reasonable range of pro- 
jection results. Other public projections, generally 
less complete than the EIA and lEA projections, were 
also used as a reasonableness check. 

The three major input assumptions behind both 
the EIA and the lEA projections are economic growth, 
popuiacion, and effect of associated energy policies, 
In general, the economic growth projections (2000 to 
2030) for the world exceed past (1980 to 2000) growth 
except for that used in the EIA Low Economic Growth 
Case (Figure 1-10). By region and country, the pat- 
tern is somewhat different. Economically developed 
regions (North America and OECD Europe), and both 
developing and economically emerging Asia are pro- 
jected to grow more slowly than in the past. Countries 
in Africa, Central and South America, the Middle East, 
and Non-OECD Europe and Eurasia are projected to 
grow more rapidly than historically. The faster global 
economic growth is driven by the rapidly growing 
emerging Asian economies becoming a larger share 
of the global economy. 

World population growth in all cases is essentially 
the same, drawn from United Nations or U.S. Census 
projections of population growth. Population growth 
rales are projected to be generally lower then histori- 
cal growth rates. 

The EIA, generally, only included those energy pol- 
icies that are currently in effect and allows most poli- 
cies to expire at their currendy enacted sunset date. 
The lEA Reference Case, however, assumes the likely 
extension of public policies. The lEA Alternative 
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FIGURE l-IO. World Economy — Average Annual Growth Rates 


Policy Case provides a significantly different energy 
policy approach, assuming not only existing energy 
policies and their logical extension, but also other 
policies now under consideration around the world. 
lEA used the same economic projections in its Refer- 
ence Case and Alternative Policy Case. 

Worldwide energy demand is projected to grow 1.4 
to 2.5 percent per year, versus the historical growth 
rate of 1.7 percent per year (Figure 1-11). The pro- 
jected U.S. energy demand growth of 0.5 to 1.3 per- 
cent per year was generally less than the historical 
rate of growth of 1.2 percent per year (Figure 1-12). 

World demand for petroleum liquids is projected 
to grow at 1.0 to 1.9 percent per year versus the his- 
torical growth rate of 0.9 percent per year. In 2030, 
petroleum demand is projected to range from 98 
to 138 million barrels per day, up from 76 million 
barrels per day in 2000 (Figure 1-13). Despite this 
growth, petroleum as a share of total energy declines 
in all cases. U.S. petroleum demand is projected to 
grow 0.5 to 1.4 percent per year versus 0.6 percent 
per year historically. In 2030, U.S. petroleum liquids 
demand is projected to range from 21 to 30 million 
barrels per day, compared to 19 million barrels per 


day in 2000 (Figure 1-14). The lEA Alternative Pol- 
icy Case is the only public case in which growth in 
U.S. petroleum liquids demand is slower than in the 
past. This indicates that the policies assumed In this 
case could have a significant impact on the growth 
in petroleum liquids demand relative to the policies 
in place today. 

According to the EIA projection for the United 
States, two-thirds of the volume and most of the pro- 
jected growth in demand for petroleum liquids is in 
transportation services (Figure 1-15). That projected 
groYrth in transportation is led by increased demand 
by light duty vehicles (60 percent) (Figure 1-16). The 
key drivers of light duty vehicle growth are increased 
vehicle penetration and annual miles traveled per 
vehicle, which more than offset improvement in vehi- 
cle efficiency (miles per gallon). 

The transportation sector provides the greatest 
potential for reducing oil consumption. The Technol- 
ogy Task Group, through its Transportation Efficiency 
subgroup, developed an estimate of transportation 
efficiency potential for five classes of transportation; 
light duty vehicles, heavy duty vehicles, air, marine, 
and rail (see Technology chapter) . 
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FIGURE 1-12. U.S. Energy Demand — Average Annual Growth Rates 
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FIGURE 1-13. World Petroleum Demand — Average Annual Growth Rates 
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FIGURE 1-14. U.S. Petroleum Demand — Average Annual Growth Rates 
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FIGURE I-I5. U.S. Demand for Petroleum Liquids by Sector 
(EIA Reference Case) — Average Annual Growth Rates 
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FIGURE 1-16. U.S. Demand for Transportation Fuels by Transportation Mode 
(EIA Reference Case) — Average Annual Growth Rates 


chapter 1 - Energy Demand 


49 


418 


The EIA Reference Case for the United States proj- 
ects that in 2030 technology improvements will result 
in -10 percent improvement in new light duty vehi- 
cle fuel consumption (Btu per mile) from 2005 lev- 
els. it is estimated that this Includes technological 
improvements of -30 percent at constant vehicle per- 
formance, and vehicle attribute changes that reduce 
this improvement by about half. Based on this study’s 
analysis, technologies (drive-train and body improve- 
ments, and hybridization) exist, or are expected to 
be developed, that have the potential to reduce fuel 
consumption by 50 percent relative to 2005. This 
assumes constant vehicle performance, characteris- 
tics, and sales mix between light trucks and autos and 
entails higher vehicle cost. 

Improvements beyond 50 percent will require 
breakthroughs in batteries or fuel cells, resulting 
in significantly higher vehicle costs and potentially 
significant infrastructure investments. The fuel effi- 
ciency improvement estimates beyond the initial 
50 percent warrant careful scrutiny as other energy 
forms such as electricity and hydrogen are incorpo- 
rated in the fuel mix. The conversion and transforma- 
tion of primary fuels to secondary energy types may 
significantly decrease the overall energy efficiency of 
these advanced technologies. 

Technologies exist to reduce new heavy-duty-truck 
fuel consumption by 15-20 percent in the United 
States by 2030, which is about equal to the EIA Ref- 
erence Case assumption. These technologies (e.g., 
engine efficiency, rolling resistance, and aerodynamic 
improvements) will involve higher cost and require 
appropriate incentives. Operational improvements 
such as reduced idling and improved logistics can 
provide a benefit of 5 to 10 percent across the fleet 
during this period. 

Advanced technology solutions, such as hybrid- 
ization and fuel cells, offer fuel consumption reduc- 
tions of an additional 25 percent, and applications 
would likely be initiated in local delivery, short-haul, 
medium-duty delivery trucks, and bu.ses. As in the 
light duty vehicles, the conversion and transforma- 
tion of primary fuels to secondary energy types may 
significantly decrease the overall energy efficiency of 
these advanced technologies. 

Fuel consumption improvements for aircraft on 
the order of 25 percent are the basis for the EIA Ref- 
erence Case. This is an aggressive projection and all 
of the known technologies appear to be included in 


the EIA estimates. New technologies will need to be 
discovered to achieve additional improvements in 
efficiency. 

The EIA Reference Case is based on a 5 percent 
improvement in marine shipping fuel consump- 
tion by 2030. This improvement level is achievable 
with operational solutions and existing technologies. 
Improvements greater than 5 percent will require 
new hull designs and new propeller designs. Given 
the long life of ships (greater than 20 years), migration 
of these solutions into the fleet will not have a large 
impact until later in the study period. Operational 
changes, affecting the entire fleet, may be more sig- 
nificant sooner than technological improvements. 

The EIA Reference Case assumes that fuel con- 
sumption will improve by 2.5 percent between 2005 
and 2030 for rail use in the United States. Incremen- 
tal improvements in engine design, aerodynamics, 
and use of hybrids have the potential to reduce new 
locomotive fuel consumption by up to 30 percent 
over 2005 technology. Rollout of new technology into 
the fleet is slow due to low turnover and will be dif- 
ficult to achieve during the years considered in this 
study. More stringent emissions standards will tend 
to increase fuel consumption. 

World natural gas demand is projected to grow 
1.6 to 2.9 percent per year versus 2.6 percent per 
year historically (Figure 1-17), Despite the slowing 
of gas demand growth rates, gas is still projected to 
gain market share versus other energy sources in all 
cases. Natural gas demand grows in all regions. Gas 
demand ranges from 356 to 581 billion cubic feet 
per day in 2030. compared with world natural gas 
demand of 243 billion cubic feet per day in 2000. In 
all cases, the projected growth rate in U.S. natural gas 
demand is lower than the historical rate. U.S. natural 
gas demand ranges from 59 to 78 billion cubic feet per 
day in 2030, compared with 64 billion cubic feet per 
day in 2000 (Figure 1-18). 

In contrast with projected U.S. oil demand, which is 
concentrated in the transportation sector (Figure 1-15), 
natural gas use in the United States is more evenly 
spread across three sectors: residential/commercial, 
industrial, and electric utility (Figure 1-19). 

Worldwide, coal demand growth is projected to 
be faster in the future than in the past in all outlooks 
except for the Alte rnative Policy Case where the growth 
is slightly less than in the past. More than two-thirds 
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FIGURE 1-17, World Natural Gas Demand — Average Annual Growth Rates 



FIGURE 1-18. U.S. Natural Gas Demand — Average Annual Growth Rates 
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FIGURE 1-19. U.S. Natural Gas Demand by Sector (EIA Reference Case) — Average Annual Growth Rates 


of the projected growth in coal demand from 2000 
to 2030 is in China and India, where the economies 
are growing rapidly and coal is very competitive 
with other fuels. The indication is that share of total 
world energy consumption met by coal is projected to 
increase in all cases except where policies are enacted 
that place a limit on the use of coal. 

Worldwide nuclear consumption growth in all out- 
looks is projected to be slower in the future than it has 
been in the past. The nuclear share of total worldwide 
energy demand declines in ail projections except for 
the Alternative Policy Case, in which it increases very 
slightly. While the specific numbers are different in 
the U.S. projections, the trends are the same. The 
nuclear share of energy consumption is projected 
to decline slowly in the United States through 2030. 
The projections suggest that a major .shift in nuclear 
policy will be required to increase the nuclear share of 
energy use. 

The share of total worldwide energy consumption 
accounted for by other energy sources (hydro, bio- 
fuels, wind, solar, etc.) is projected to be higher in 
2030 than in 2000. 

52 


As shown in Figure 1-20, worldwide carbon dioxide 
emissions grow in all of the projections. Carbon diox- 
ide emissions are projected to range from 34 billion 
metric tons in 2030 in the lEA Alternative Policy Case 
to 51 billion metric tons in the EIA High Economic 
Growth Case, compared with 24 billion metric tons in 
2000. In all cases, carbon dioxide emissions increase at 
about the same rate as energy demand. Carbon diox- 
ide emissions in the United States are also expected 
to grow in all projections, although not as fast as for 
the world. In 2030, carbon dioxide emissions in the 
United States range from 6.3 billion metrics tons in 
the lEA Alternative Policy Case to 9 billion metric tons 
in EIA High Economic Growth Case (5.8 billion met- 
rics tons in 2000). 

The regional shares of energy use are projected 
to change over time. The share of total world- 
wide energy consumed in North America, OECD 
Europe, and Non-OECD Europe and Eurasia is pro- 
jected to fall in all of the cases, while the share in 
Asia/Oceania grows. China is a major contributor 
to the substantial growth in Asia/Oceania share. 
In general, the change in the oil share of total 
worldwide oil consumed by region parallels the 
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FIGURE 1-20. World Carbon Dioxide Emissions — Average Annual Growth Rates 


change in the share of total energy consumption, 
with industrialized regions losing share and the 
Asia/Oceania oil share increasing significantly, as 
shown in Table 1-4. 

Energy consumption per unit of GDP (energy inten- 
sity) is projected to decline in all regions. The Middle 
East, while not exhibiting the highest energy inten- 
sity in 2000, is projected to have the highest energy 
intensity in 2030 in all cases. North America, the 
region exhibiting the highest energy use per person in 
2000, is still projected to have the highest energy use 
per person in 2030, but it declines in the lEA cases. 
Energy convSumption per person in all other regions is 
projected to be higher than or equal to 2000 levels in 
2030, as shown in Table 1-5. 

Part of the study effort involved collecting energy 
demand projections from organizations other than 
EIA or lEA. Some of these projections were propri- 
etary and, therefore, were collected by a third party 
with the data aggregated before being made available 
to study participants. Details of the aggregated data 
collection process are discussed in Chapter 7, “Meth- 
ocioksgy." 



v..in= 1^. 

tMF.. 



jf/ "'It 


yn, 

l-n:. 

h:i'==:. 

.Liriii: 



mi 


rti'ii. 

.iU-iii. 

. ■ 

: 


TABLE 1-4. Regional Energy Sluires 


The results of the aggregated proprietary data 
collection effort confirmed that using the EIA and 
lEA projections was reasonable. As can be seen on 
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TABLE 1-5. Regional Energy Intensity 
(1,000 Btu/2000$ CjDP) 


Figure 1-21, the aggregated proprietary projections 
for all three levels of the total submissions output 
(average of the t\vo highest submissions, average of 
the tvvo lowest submissions, and the average of all 


submissions) fall generally in the range of the EIA and 
lEA projections for total energy, lire same is true for 
aU the major energy types. 

For the U.S. situation, there were an insufficient 
number of submissions to provide a high and low 
average. Figure 1-22 shows that the average for the 
proprietary data is in the range of the EIA and lEA pro- 
jections for total energy. Similar observations hold for 
major energy types. 

Other studies were provided to the study effort as 
publicprojections. Generally, the information in these 
studies was in less detail than provided in the EIA and 
lEA studies. There were other organizations that had 
sufficient data available to provide partially complete 
data input templates. The other studies support the 
finding that the EIA and lEA projections provide a rea- 
sonable range of results for assessing energy issues. 
With the exception of the lEA Alternative Policy Case, 
policy assumptions underpinning the projections are 
extensions of polices in place today. It is interesting 
to note that projections with lower energy demand 
growth rates are based on lower economic growth 
rates. As an example of the congruence of study 
results, the energy and carbon dioxide growth rates 
are shown in Table 1-6. There were other projections 
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FIGURE I-2I. World Energy Demand — Public and Proprietary Projections 
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FIGURE 1'22. U.S. Energy Demand — Public and Proprietary Projections 
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TABLE 1-6. Outside Study Comparison of Average Annual Growth Rates 
from 2004 to 2030 
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that were submitted or captured in other efforts that 
did not have sufficient definition of underlying bases 
or data detail to be included in the comparison. 

The Petroleum Federation of India (PFI) provided 
a series of outlooks for India. These projections offer 
perspective on the expected Indian energy situation. 
The data are limited, but there is sufficient informa- 
tion to look at the 2020 energy mix. The PFI total 
energy projection has a 2004 to 2020 energy demand 
growth rate of 3.3 percent per year for the Business as 
Usual Case. This growth rate is slightly higher than 
the 3.0 and 2.8 percent per grov^ rates developed in 
the EIA and lEA Reference Cases, respectively. One 
difference between the projections is in petroleum 
demand, where the PFI projection has an indicated 
2004 to 2020 growth rate of 4.7 percent per year while 
the other tw'o projections have indicated growth rates 
of 2.6 to 3.2 percent per year. Offsetting this differ- 
ence, to some extent, is the lower growth in coal use 
expected by PFI relative to the other projections. 

McKinsey Global Institute conducted a study in 
November 2006 that approached the issue of the 


potential for energy savings {Productiuity of Growing 
Global-Energy Demand: A Microeconomic Perspec- 
tive). The study provides an assessment of poten- 
tial savings without regard for the time needed to 
achieve the estimated savings, or for the practicality 
of achieving them. The McKinsey study used 2020 
as its horizon year. As indicated in Table 1-7, the 
McKinsey study suggests that between 2003 and 
2020 essentially all U.S. energy growth, and about 
75 percent of world energy growth, could be recov- 
ered by efficiency/conservation measures assum- 
ing they could be instituted within the time period. 
The McKinsey study adds support to the NPC study 
recommendations that efficiency/conservation mea- 
sures are an important piece for providing a balanced 
U.S. energy program. 

When preparingits International Energy Outlook, 
the EIA uses the Annua! Energy Outlook as a major 
source of U.S. data. The EIA released an updated 
version of its Annual Energy Outlook during the 
first quarter of 2007. Table 1-8 contains a 2004 to 
2030 growth rate comparison between the 2006 
and 2007 Annual Energy Outlooks. There are only 
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Sources: McKinsey Global institute, ProductiviCy of Growing Global-Energy Demand: A Microeconomic Perspective, November 2006; Energy 
Information Administration, Annual Energy Outlook 2007. 


TABLE 1-7. Comparison of Data from 
McKinsey Global Institute and Energy Information Administration 
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Council’s Global Oil and Gas Study. However, there 
are some interesting differences between lEO 2006 
and lEO 2007 that should be noted. A comparison 
between the two Reference Case outlooks is shown 
in Table 1-9. 

World economic growth is higher in lEO 2007. 
From a regional perspective, the major differences are 
in Asia/Oceania where projected economic growth is 
faster, and in North America, where it is slower. All 
other regions show a greater growth in economy than 
in lEO 2006 with the Non-OECD Europe and Eurasia 
region projected difference slightly greater than in 
other regions. 

While the economic growth projections used as 
a basis for lEO 2007 are generally greater than in 
lEO 2006, energy growth projections are equal or 
less than they were in lEO 2006. This suggests that 
the energy efficiency/conservation assumptions 
underpinning lEO 2007 are greater than In lEO 2006. 
Energy intensities (energy use per unit of economic 
activity) calculated from the two outlooks show that 
in all regions except North America energy intensity 
is lower in lEO 2007, supporting the idea that there is 
more energy efficiency/conservation incorporated 
in lEO 2007 than in lEO 2006. 

The projected regional energy consumption pat- 
tern in lEO 2007 is little different than in lEO 2006. 
The biggest difference is in Asia/Oceania, where 
projected 2030 energy use share increased from 
37.6 percent to 39.2 percent. 


TABLE 1 ‘8. Comparison of 
EIA Annual Energy Outlook 2006 and 2007 
Reference Q^es' Average Annual 
Growth Rates from 2004 to 2030 

minor differences between the two projections, 
which suggests that the overall analysis that uses 
the 2006 International Energy Outlook (lEO 2006) 
is basically unchanged as a result of the recently 
released EIA U.S. outlook. Data availability issues 
have lead to some of the analyses that support vari- 
ous components of the demand effort being based 
on the AEO 2007, which should not present any dif- 
ficulties. 

The EIA released the 2007 version of the Interna- 
tional Energy Outlook (lEO 2007) on May 21, 2007. 
lEO 2007 suggests no changes in the overall demand 
related conclusions of the National Petroleum 


Considering the type of energy consumption, the 
most significant difference appears to be a lower 
projection of world natural gas use. Both nuclear 
and coal use are projected to be higher. There was 
an accounting convention change between the two 
outlooks for the way in which renewable liquids were 
handled. In lEO 2007, liquids from renewables are 
shown as petroleum products instead of as "other,” 
This change accounts for most of the reduction in 
other energy use, but suggests that petroleum liq- 
uids from more traditional sources are somewhat 
lower in lEO 2007 than in lEO 2006. 

An output from both projections is an estimate of 
carbon dioxide emissions. In 2030, the lEO 2006 esti- 
mate for Reference Case carbon dioxide emissions 
was 43.7 billion metric tons. The lEO 2007 carbon 
dioxide emissions estimate for 2030 is 42.9 billion 
metric tons. 
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ELECTRIC GENERATION 
EFFICIENCY ♦ 

Power plant efficiencies presented in the EIA 
and lEA outlooks both show improvements over 
time. These expected improvements mainly come 
from the replacement of retired old plants with new 
plants that have better efficiencies. There are a few 
changes that can be made to make an existing unit 
more efficient. However, these changes typically will 
only result in a few percentage point improvements 
to efficiency. 

Given the large aggregate capacity of existing coal- 
fired power plants and their long useful lives, efforts 
to improve the average efficiency of the existing stock 
by 1 or 2 percent could have a significant near term 
impact on fuel consumption rates and greenhouse gas 
emissions. Efficiency improvement potential for exist- 
ing U.S. power plants is related to the age of the plant, 
the age of specific pieces of equipment in a plant, a 
plant’s design, and the economics of the specific plant 
situation. When all is considered, most plants will fall 
in the 3-6 percent range of possible improvement. The 
practical or economic values will be lower. The newer 
plants might be in the 2-4 percent range and a certain 
population might be 2 percent or less because they 
were already upgraded. The overall range of poten- 
tial efficiency improvement for existing U.S. coal fired 
power plants should be in the 2 to 4 percent range.^ 

Much of the discussion surrounding power plant 
efficiency will focus on the heat rate (Btu per kilowatt- 
hour). This is an ideal measure of efficiency since it 
defines the ratio of the input as fuel (Btu) to output as 
power (kilowatt-hour). The efficiency of a new power 
plant is largely a fiinction of economic choice. The tech- 
nology is well understood in order to produce a highly 
efficient plant. In order to produce higher efficiencies, 
higher pressures and temperatures are required, 'fhis 
increases the cost of the plant as special alloy materials 
will be needed. Technology improvements could assist 
by lowering the cost of these special materials through 
discovery'^ and better manufacturing process. 

Coal power plant efficiency merits much focus 
since coal represents over 50 percent of current gen- 
eration in the United States. Many countries in the 
world from Germany to Japan have demonstrated 
coal plants with heat rates of less than 9,000 Btu per 


2 Equipment Refurbishing and Upgrading Options (taken from 
Asia Pacific Economic Cooperation document, June 2(X)5). 


kilowatt-hour. The United States has also demon- 
strated such technology since the 1950s. However, the 
U.S. coal fleet current operating heat rate is nowhere 
near those levels, at 10,400 Btu per kilowatt-hour. 

Existing coal-fired power plants worldv\ide do not 
achieve the highest efficiency possible based on their 
design. The efficiency loss can be categorized as con- 
trollable or non-controllable. Controllable losses are 
generally due to poor operation and maintenance 
practices. Non-controllable losses are due to environ- 
mental conditions (e.g., cooling-water temperature), 
dispatching requirements (e.g., customer demand), 
and norma! deterioration. 

Deteriorationnaturallyoccurs and, ifleft unchecked, 
can become substantial. Therefore, some amount of 
normal deterioration will always be present and non- 
controllable. Most of the normal deterioration can 
be recovered with regularly scheduled maintenance 
intervals, the frequency of which determines the aver- 
age based on the resulting saw-tooth curve shown in 
Figure 1-23. There is a gradual increase in the unre- 
coverable portion as the unit ages, which would 
require a replacement rather than a refurbishment 
to eliminate. Poor maintenance practices regarding 
the timing of the intervals and the amount of refur- 
bishment may result in excessive deterioration and is 
controllable. 

Figure 1-24 shows historical and projected heat 
rates from U.S. natural gas and coal-fired power 
plants. Historical calculations are based upon EIA 
data that include both central station generation and 
end-use generation of electricity. The post-war boom 
of the late 1940s and 1950s saw a large increase in 
new power plants. However, these were, by today’s 
standards, highly inefficient plants, with the overall 
fleet heat rate starting in 1949 at nearly 15,000 Btu per 
kilowatt-hour. By the end of the 1950s, more-efficient 
plant constructions drove the fleet heat rate to about 
10,300 Btu per kilowatt-hour, where it remained rela- 
tively unchanged until the end of the century. 

The overbuilding of natural gas combined-cycle 
units in the late 1990s decreased the natural gas fleet 
heat rate below 9,000 Btu per kUowatt-hour, where it 
currently resides. However, with the recent higher 
natural gas prices, coal generation still represents over 
50 percent of current U.S. power generation. There- 
fore, overall U.S. fleet heat rate was not affected by the 
large gas combined-cycle build since coal-fired heat 
rates remain around 10,400 Btu per kilowatt-hour. 
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FIGURE I -23. Change in Heat Rate over Time 



FIGURE 1-24. U.S. Operating Heat Rates 
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The ETA is projecting the natural gas fleet heat rate to 
continue to improve. Around the year 2023, electricity 
generation from natural gas units decreases faster than 
consumption, resulting in a slight increase to 8,300 Btu 
per kilowatt-hour. Currently best technology com- 
bined-cycle units can achieve -5,700 Btu per kilowatt- 
hour [General Electric H-System}. The gas heat rate 
includes combustion turbine plants that could have 
heat rates as high as 13,000 and as low as 8,550 Btu per 
kilowatt-hour in the future according to the EIA. These 
types of units will continue to be needed as they have 
the ability to turn on and off over a short time period 
leading to increased system stability. 

The EIA projects moderate improvements in the coal 
fleet heat rate, achieving9,700 Btu per kilowatt-hour by 
2030. In terms of percentage improvement, it is about 
the same trend as gas units. This indicates many more 
new coal plants as compared to new gas plants in the 
projection. To see any appreciable improvement in 
fleet heat rate, a large number of new, efficient units 
would need to replace a large number of old, ineffi- 
cient units and/or existing units would have to be ret- 
rofitted. With 40-year life spans and high capital costs 


(vs. natural gas plants) to construct, and risk of a CO 2 - 
constrained environment, this is not achieved very 
quickly. The difference in fuel price (coal vs. natural 
gas) is another major driver for increased efficiencies 
in gas plants compared to coal plants. Major increases 
in combined-cycle efficiencies will make those units 
more competitive with coal in dispatch. With coal’s 
current fuel price advantage, there is less incentive 
to make wholesale improvements in efficiency ver- 
sus focusing on availability. Table 1-10 shows the EIA 
assumptions for new build heat rates for 2005, fr^-of- 
a-kind plant in the future and the best observed heat 
rates to date. Observed data for combustion turbines 
are not provided because efficiency is not their primary 
role in the supply stack. These units are used primarily 
as peakers, where efficiency is not of utmost concern. 

Because historical data do not align properly be- 
tween EIA and TEA due to differences in data definitions, 
heat-rate improvements were examined for the world 
and China, as opposed to absolute heat-rate values. 
Figures 1-25, 1-26, 1-27 show the percentage improve- 
ments in heat rate for EIA and lEA from each agency's 
base year. As expected, heat-rate improvements in 
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* “Operating Performance Rankings Showcase Big Plants Running Full Time." Electric Liglit & Power, Nancy Spring, managing editor, 
November 2005. 
t Coal = TVA, Bull Run Plant. 

Conventional Combined Cycle = Sempra, Elk Hills Power. 


TABLE 1-10. EIA Heat-Rate Assumptions (Btu per Kilowatt-Hour) 
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FIGURE 1 -25. Natural Gas Heat Rate Improvements 
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FlGUREl-26. Coal Heat Rate Improvements 
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FIGURE I -27. Total Heat Rate Improvements 


China are projected to outpace worldwide improve- 
ments. Rapidly growing power demand is expected to 
drive a large increase in the numbe r of new builds. With 
alarger percentage offleet capacity coming from newer, 
efficient units, it is expected that overall improvements 
would increase rapidly in China. Worldwide heat-rate 
improvements are projected to increase moderately 
for both gas and coal plants according to both ElA and 
IFA. Again, this is the result of gradual replacement 
of older, inefficient units that have outlived their eco- 
nomic lives with new. efficient ones. The slower pace 
of this replacement leads to the slower increase in effi- 
ciency when compared with China alone. 

An important distinction to note between the EIA 
and TEA projections is the heat-rate improvements 
for coal and natural gas. The EIA projects natural 
gas improvements for the world and China to greatly 
outpace improvements to coal-fired generation. 
Inversely, the lEA projects coal to improve more rap- 
idly than for natural gas-fired plants. There are two 
schools of thought that can justify either scenario. One 
could argue that gas heat rates are expected to rapidly 
improve due to a large buildup of highly efficient com- 
bined-cycle units. This is the same phenomenon that 
was seen in the United States during the 1990s. With 


a rapid increase of combined-cycle units, the gas heat 
rate quickly improves. The large improvements in 
coal-fired heat rates could be justified by determining 
that gas-fired heat rates are asymptotically approach- 
ing their maximum achievable efficiency (though not 
achievable, 100 percent efficiency is 3,412 Btu per kilo- 
watt-hour). Steam cycle coal units theoretically have 
more room for improvement since they are less effi- 
cient from the start. 

Recently, a blue book of energy in China (The Energy 
Development Report of China, Edited by M. Cui, 
etc., Social Sciences Academic Press of China, 2006) 
reports that the average heat rates of thermal power 
plants in China improved 15.2 percent from 1980 to 
2002. Figure 1-28 shows the average heat rates of 
thermal power plants in China, compared with those 
in the United States and Japan. Natural gas consists 
of only a small percentage of China’s energy mix on a 
Btu basis. For example, natural gas comprised only 
2.62 percent in 2002, in comparison to 65.28 percent 
for coal. In 2002, 54.7 percent of coal consumption 
in China went to power plants, and the report does 
not give the percentage of natural gas consumed by 
the power plants, but states that most of its natural 
gas went to residential use. The lEA World Energy 
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Source: The Energy Development Report of China, Edited by M. Cui, etc.. Social Sciences Academic Press of China, 2006. 


FIGURE 1-26. Historical Heat Rates 


Outlook 2006 reports the electricity generation from 
thermal power plants. For China, coal consists of 
more than 90 percent of thermal power generation 
since 1990, and continues to increase its share. 

Japan has the lowest coal percentage in its thermal- 
generated electricity of the three countries. To con- 
servatively estimate the average heat rate for Chinese 
coal-fired power plants, it is assumed that 1 percent 
of electricity generated from thermal power plants 
came from natural gas before 2004, and assume that 
the average heat rate of gas-fired plants is 30 percent 
better than that of coal-fired plants and that the aver- 
age heat rate of oil-fired power plants is the same as 
that of coal-fired power plants. The derived heat rates 
for coal-fired plants in China are about 0.2 percent 
higher than the average heat rates of its thermal power 
plants. Of the three countries, China had improved its 
thermal power plants efficiency the most from 1980 
to 2002. The great improvement in efficiency in the 
thermal power plants in China can be attributed to a 
large number of new builds. Figure 1-29 also shows 
increases in China’s electricity output in the same 
period, of which the coal-fired plants contributed 
the most. For example, thermal power plants gener- 
ated 82.64 percent of electricity in China in 2004. The 


large percentage of higher-efficiency coal-fired new 
builds drives China’s average heat rates down quickly. 

COAL IMPACT ♦ 

The primary consumer of coal in the United States 
is the electric power industry, consuming 92 percent of 
the 1.1 biUion tons used in 2005. About half the U.S. 
electricity generated in 2005 was from coal. EIA proj- 
ects that coal consumed to generate power in the elec- 
tricity sector will account for 85 percent of total U.S. 
coal consumption by 2030 (Figure 1-30). In the AEO 
2006 Reference Case projection, the emergence of a 
coal-to-liquids (CTL) industry accounts for virtually all 
of the growth in coal use in the non-electricity sectors. 

Coal is consumed in large quantities throughout 
the United States. As shown in Figure 1-31, coal pro- 
duction is focused in relatively few states, meaning 
that huge amounts of coal must be transported long 
distances. Therefore, U.S. coal consumers and pro- 
ducers have access to the world’s most comprehen- 
sive and efficient coal transportation system. 

All major surface-transportation modes carry large 
amounts of coal. According to the EIA, about two- 
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Source: The Energy Development Report oi China, edited by M. Cui, etc. Social Sciences Academic Press of China, 2006. 


FIGURE 1-29. Changes in Efficiency and Electricity Generated in China 


thirds of U.S. coal shipments were delivered to their 
final domestic destinations by rail in 2004, followed 
by truck (12 percent), the aggregate of conveyor belts, 
slurry pipelines, and tramways (12 percent), and water 
(9 percent, of which 8 percent were inland waterways 
and the remainder tidewater or the Great Lakes).^ 

Over the past 15 years, the rail share of coal trans- 
port has trended upward, largely reflecting the 
growth of western coal moved long distances by rail. 
The truck share has fluctuated, but has also trended 
upward since 1990, while the waterborne share has 
fallen. 

The extent to which coal is able to help meet U.S. 
future energy challenges will depend heavily on the 
performance of coal transporters. If the past is a reli- 
able guide, the various modes will be able to accom- 
modate increased coal transportation demand, albeit 
perhaps with occasional “hiccups” and “bottlenecks” 
along the way. 

Railroads, barges, and trucks are all critical coal 
transportation providers. Eachmode faces challenges, 

3 Energy Information Administration, "Coal Distribution Current 

and Back Issues," web site wvvw.eia.doe.gov. 



Source; ElA Annual Energy Outlook 2006. 


FIGURE 1-30. U.S. Coal Consumption 
by Sector — 2030 
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FIGURE 1-31. U.S. Coal Consumption and Production by 2005 


some of which are unique to it and some of which are 
common to each of the modes. For each mode, hav- 
ing capacity that is adequate to meet growing demand 
is perhaps the most pressing need. 

Available truck capacity will be determined by fac- 
tors such as the amount of public spending on high- 
ways, how well the industry resolves the driver reten- 
tion issue, and fuel costs. 

Like trucks, waterways depend on publicly owned 
and maintained Infrastructure. Waterway infrastruc- 
ture is, in general, in need of significant maintenance 
and improvement. The av^lability of public funds 
to provide these improvements will feature promi- 
nently in how well waterways can hmidle future coal- 
transportation needs. 

Railroads, on the other hand, rely overwhelm- 
ingly on privately owned, maintained, and operated 
infrastructure. As private-sector companies, rail- 
roads must be confident that traffic and revenue will 
remain high enough in the long term to justily the 
investments before they expand capacity. Railroads 
will continue to spend huge amounts of private capi- 
tal to help ensure that adequate capacity exists, but 


they can do so only if regulations or laws do not hin- 
der their earnings. 

Worldwide, coal trade patterns have shovm a steady 
evolution since the early days of the international 
coal industry. As long ago as the early 1980s, Austra- 
lia was still a minor coal exporter. Indonesia, now the 
world’s largest thermal coal exporter, did not emerge 
as a force in the international market until the 1990s. 
A similar pattern exists on the demand side. In the 
1970s, there was regional trade In Europe with sup- 
ply coming from Germany and Poland. The i980s 
were dominated by Japan’s demand for coal, while 
the 1990s saw Korea and Taiwan as significant mar- 
kets. The early years of this decade have seen rapid 
increases in demand from smaller countries in Asia, 
as well as the emergence of China as both a significant 
coal exporter and a major import market. 

Trade patterns are hard to project because some 
countries have dedicated export facilities as well as 
mines that are intended for purely domestic purposes. 
The current major exporters of coal are Indonesia, Aus- 
tralia, China, South Africa, Russia, and Colombia. All of 
these countries, except Indonesia and China, have cur- 
rent reserves-to-production ratios in excess of iOO. 
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INDUSTRIAL EFFICIENCY ♦ 

The industrial sector is a large and price- responsive 
consumer of energy, consuming roughly one-third 
of the energy used in the United States. U.S. energy- 
intensive industry and manufacturers in associated 
value chains rely on competitive energy supplies to 
remain globally competitive. 

As natural gas prices have risen in the United States 
relative to those in the rest of the world, manufactur- 
ers with energy-intensive processes have responded 
in two ways: (1) by increasing the efficiency of their 
operations (shown as energy intensity on Figure 1-32), 
and/or (2) by shifting a greater proportion of energy- 
intensive industry outside the United States (shown 
by declining industrial energy use). 

Despite this decrease in energy intensity, energy- 
intensive manufacturers in the United States struggle to 
remain competitive in the globalmarketplace. U.S. man- 
ufacturers are investing for strategic growth in regions 
of the world where energy costs are lower. For example, 
over the last 10 years, the United States has gone from 
one of tlie world’s largest exporters of chemicals to an 
importer. Although less dramatic, trends are similar in 


the paper and metals industries. Figure 1-33 tracks the 
a^egate trade balance for the steel, paper, and chemi- 
cals industries compared to the price of natural gas. 
Significantly, the correlation between the two data series 
is -89 percent, indicating that high natural gas prices 
have hurt U.S. competitiveness in these industries. 

The extent to which U.S. industry can continue to 
compete for the domestic market is unclear. For 
instance, imports have provided 40 percent of the 
increase in U.S. gasoline use over the last 10 years. 
The impact of factors such as international sup- 
ply and demand balances for oil and natural 
gas, geopolitical issues, the advent of disrup- 
tive technologies, and the evolution of the world’s 
economies is unknown. The uncertainty in U.S. 
industrial energy consumption carries through 
to global balances. Since product consumption is 
unlikely to decline, product needs that are unmet by 
local production likely will be met by imports. 

Projecting historical industrial energy patterns 
forward may illustrate this uncertainty. In the first 
scenario (called Stays), industrial use grows as it 
did between 1983 and 1996. In the second sce- 
nario (Fli^t), industrial consumption declines as it 
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Sources: Delivered industrial Energy Consumption data from EIA, Annual Energy Review 2005. 
GDP data from Bureau of Economic Analysis website. 


FIGURE 1 -32. U.S. Industrial Energy Consumption and Energy Intensity 
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Source: U.S. Dept, of Commerce data for SITC Code 5 (Chemicafs ar»d Related Products), S4 (Paper and Paperboard), 
and 67 (Iron and Steel) from tse.export.gov web site. Price data from Platt's. 


FIGURE 1-33. Trade Balance for Energy-lntefrsive Industry 


did between 1996 and 2005. These projections are 
intended to bound the EIA's AEO 2007 Base Case pro- 
jection. Energy use growth rates for each are shown in 
Table 1-11 and depicted in Figure 1-34. 

Bandwidth studies conducted for the U.S. DOE 
on the most energy-intensive manufacturing sectors 
(chemical, petroleum, and forest products industries) 
suggest energy-efficiency opportunities of up to5 qua- 
drillion Btu per year, or just under 15 percent of 2005 
industrial energy use. Of these opportunities, about 
2 quadrillion Btu per year can be achieved by using 
existing technology (Table 1-12). Processes requiring 
additional research and development include separa- 
tion, distillation, catalysts, alternate feedstocks, foul- 
ing, heat integration, drying, forming, and pressing. 

Adopting existing technology for combined heat 
and power systems (CHP) and implementing “best 
practices” for steam systems would each yield savings 
of about 1 quadrillion Btu per year without requiring 
significant research. Despite its thermal efficiency 
advantages, CHP implementation in the U.S. industrial 
sector totals 72 gigawatts, which is about 50 percent 
of the total potential for CHP in the industrial sector 
(CHP Installation Database and Onsite Energy, 2000). 


AEO 2007 projects a wide range of energy-intensity 
improvements in the manufacturing sector from 2005 
to 2030, reflecting expected changes in that sector given 



Note: Growth rates average 2004/2005 values as a starting point 
to minimize the impact of Hurricanes Katrina and Rita on growth 
rate calculations. 


Source; EIA, Table 2.1 ,d Industrial Sector Energy Consumption, 
1949-2005, and Annual Energy Outlook 2007. 


TABLE 1-11. U.S. Industrial Energy Use Scenarios 
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Source: EfA, Table 2.1 .d Industrial Sector Energy Consumption, 1949-2005, and Annual Energy Outlook 2007. 

FIGURE 1-34. U.S. Industrial Energy Use Scenarios 


current conditions and trends. For example, the energy 
intensilyofthe aluminum sector is expected to decrease 
as secondary smelting, a less energy-intensive pro- 
cess, becomes the dominant technology in the United 
States. On the other hand, the energy intensity of the 
petroleum refining industry is expected to increase as 
liquids from coal come into use (Figure 1-35). 


There are significant impediments to greater indus- 
trial efficiency. First, U.S. -government-funded energy 
R&D has fallen at least 70 percent in real terms from 
its peak in the late 1 970s. Second, price volatility makes 
approval of efficiency projects difficult. Finally, lack of 
adequate, technically tiainedhumanresources impedes 
implementation of efficiency projects. Figure 1-36 
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Source: U.S. Department of Energy, Energy Use, Loss and Opportunities Analysis: U.S. Manufacturing and Mining, 2004. 

TABLE 1-12. Approximate Size of Efficiency Technology Opportunities 
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Source: EIA, Annual Energy Outlook 2007. 
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FIGURE 1-35. Average Change in Energy Intensity in the Manufacturing Subsectors, 2005-2030 
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* International equivalent to a bachelor's degree. 

Source: "U.S. Manufacturing Innovation at Risk," a study by Joel Popkin and Kathryn Kobe for The Manufacturing institute 
and the Council of Manufacturing Associations, February 2006. 

FIGURE 1-36. Engineering School Graduates, byYear 
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shows the number of engineering-school graduates per 
year from several countries. 

Industrial energy consumers play an important 
role in mitigating energy price volatility. Manufac- 
turing provides a quick-acting buffer against supply 
or demand shocks in the energy industry. However, 
as demonstrated in Figure 1-37, this role has been 
reduced as the U.S. capability for fuel switching has 
fallen over the past decade, in both the power genera- 
tion and industrial sectors. 

CULTURAL/SOCIAL/ECONOMIC 
TRENDS ♦ 

This area of investigation is extremely broad. How- 
ever, after an analysis of the data, the following eight 
broad findings became apparent. The data analysis 
relied heavily on the Reference Case projections in 
WHO 2006 and lEO 2006. 


35% 



NATURAL GAS 
AND OIL-BASED 
INDUSTRIAL 
CONSUMPTION 


NATURAL GAS 
AND OIL-BASED 
POWER GENERATION 
CONSUMPTION 


1. Income is the biggest determinant of demand for 

energy. 

Due to the strong influence of income on energy 
demand, even small changes in assumptions about the 
Gross Domestic Product (GDP) have major implica- 
tions for energy growth. Energy projections by the lEA 
and EIA are highly sensitive to GDP assumptions. In 
WEO 2006, a I percent growth in global GDP results in 
a 0.5 percent increase in primary energy consumption. 
This is consistent with the observation that the income 
elasticity of demand fell from the 0.7 in the 1970s to the 
0.4 from 1991-2002 as shown in Figure 1-38. WEO 2(X)6 
cites warmer winterweatherin the northern hemisphere 
(which reduced heating-ftiel demand) and improved 
energy efficiency for the reduction in income elasticity 
for energy as a whole between the two periods. 


Source: NPC Natural Gas Study, 2003. 

FIGURE I -37. Fuel Substitution Capability 


conservation. For perspective, businesses and con- 
sumers have shown their unwillingness to make effi- 
ciency investments with returns of 10 percent. Two- 
year paybacks for businesses are often cited as the 
minimum for energy efficiency investments. Con- 
sumers often make decisions that imply returns of 
50 percent or more. Lack of awareness and know-how 
are examples of barriers to investments in improved 
energy efficiency. It is likely that policy action would 
be required to encourage energy efficiency and con- 
servation. 


Assuming that projected economic growth is desired, 
then to maintain current U.S. energy consumption 
would require a 45 percent reduction in energy inten- 
sity by 2030. To maintain current developing-country 
ener^*^ consumption levels would require a 70 percent 
reduction in global enei^ intensity by 2030. Put in 
perspective, over the last 55 years (1949-2005), U.S. 
energy intensity has fallen by a little more thcin half 
(Figure 1-39). To maintain energy consumption at cur- 
rent levels would require a global reduction in energy 
intensity of roughly twice that amount. 

Aside from structural changes in the economy, tlie 
only way to reduce energy is through efficiency and 


History suggests that energy-intensity reductions 
resulting from improved efficiency and structural 
change will be offset by increased demand for energy 
services unless policies are put in place to prevent 
such offsets. For example, technology that could have 
been used to increase vehicle miles per gallon in light 
duty vehicles has been used to increase vehicle horse- 
power and weight. Likewise, improvements in the effi- 
ciency (energy use per unit of service) of appliances 
and buildings have been offset by increased numbers 
of appliances and building sizes. While policies to 
promote improved energy efficiency may be more 
politically palatable than those that restrict demand 
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Source: iEA World Energy Outlook 2004. 


FIG URE I -38. World Primary Energy Demand and GDP, 1971 -2002 


Source: EIA, Annual Energy Review 2005. 


FIGURE 1-39. U.S. Energy Intensity 
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for energy services, those improving efficiency may 
not be sufficient to yield significant reductions from 
baseline projected energy demand. 

2. Oil and natural gas demand are projected to in- 
crease rapidly in coming decades. 

Global oil consumption is expected to increase by 
40 percent from 2005 levels by 2030. Global natural gas 
demand is expected to increase by two-thirds by 2030; 
U.S. natural gas demfind is expected to increase more 
slowly. The increase in demand for fossil fuels in non- 
OECD countries will be far more rapid than in OECD 
countries, both in absolute and percentage terms. 

Transportation, industry, and "other" (mostly build- 
ing heating) are the major sources of oil demand growth 
in the WEO 2006. Electric power sector demand is 
expected to decrease by about 1 million barrels per day. 
Oil demand growth in the transportation sector will 
exceed growth for all other uses combined. Projected 
industry and “other" category oil consumption are 
expected to increase by a large amount as well. These 
categories are expected to grow by 13 million barrels 
per day, which compares with a transportation oil con- 
sumption growth of around 22 million barrels per day. 


Globally, electric generation and industry are the 
major sources of natural gas demand growth. Natural 
gas demand for electric generation and industry are 
expected to double. Natural gas use for building heat- 
ing is also expected to increase (Figure 1-40). 

Perhaps less obvious, electricity use in build- 
ings will indirectly be a major source of natural gas 
demand growth. Appliances and other “buildings” 
related energy uses represent the largest component 
of electricity demand growth, and thus have major 
impact on the demand for natural gas. A large portion 
of electric generation growth is expected to be fueled 
by natural gas. 

3. Carbon dioxide from fossil fuel combustion is 
growing. 

Global CO 2 emissions are expected to increase 
by about half between 2004 and 2030, from around 
27 billion tons to 40 billion tons (Figure 1-41). Witli 
slow growth in nuclear energy, and with renewable 
energy growing fast but starting from a low base, the 
carbon intensity of the global energy economy is pro- 
jected to increase. 



YEAR 

Sources: 2003: Derived from Energy Information Administration (EIA), International Energy Annual 2003; 
Projections: EIA, International Energy Outlook 2006. 


FIGURE 1 -40. World Natural Gas Consumption by End- Use Sector, 2003-2030 
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Source: EIA, International Energy Outlook 2006. 

FIGURE 1 -41. World Energy- Related Carbon Dioxide Emissions by Fuel in the Reference Case 


The biggest contributor to global COj emissions is 
coal, followed closely by oil and natural gas. Outside 
China, India, and the United States — all have large 
coal reserves — natural gas is expected to contribute 
significantly to the increase in CO 2 emissions. 

The electric power sector is expected to be the 
dominant source of CO 2 emissions in the United 
States and globally — increasing from 40 percent in 
2004 to 44 percent in 2030 worldwide (Table 1-13). 
The transportation sector, which is dominated by oil, 
will continue to be responsible for about one-fifth of 
CO 2 emissions. Yet much of the growth in electricity 
demand will come from residential and commercial 
buildings, which are already the largest single-sector 
source of CO 2 emissions when including the electric- 
ity generated that is used in buildings. 

4. Keeping China in perspective. 

Chinese energy use and GDP are projected to 
exceed those of the United States some time in the 
second half of the next decade. Chinese oil dem^d 
is projected to increase by twice as much as the U.S. 
oil demand through 2030 (Figure 1-42). Growth in 
China’s oil demand is often cited as one of the major 
causes of higher global oil prices. 


The fastest CO 2 emissions growth among major 
countries is occurring in China (Figure 1-43). Chinese 
emissions growth in 2000-2004 exceeded the rest of 
the world’s combined growth due to increased use of 
coal and rapidly growing petroleum demand. Chi- 
nese CO 2 emissions are projected to pass U.S. emis- 
sions late in this decade. 

While it is hard to overstate the ever-increasing 
importance of China in global energy markets and 
as a carbon emitter, it is important to put these num- 
bers in perspective. The United .States has had fast 
rates of energy and emissions growth for decades. As 
recently as the last decade (1990-2000), U.S. emis- 
sions growth was nearly as fast as China's is today. 
Even in 2030, China’s projected oil demand will be 
less than the oil demand projected for the United 
States, both in per capita and absolute terms. 

China has made major strides in reducing the car- 
bon intensity of its economy (CO 2 per GDP). China’s 
carbon intensity is roughly equal to that of the United 
States, and the intensities of both countries are pro- 
jected to decrease at the same rate. 

Nevertheless, while Chinese and U.S. carbon inten- 
sity wUl be similar during the next decade, per capita 
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* Average Annual Growtli Rate. 

+ Includes agriculture and public sector. 

t Includes international marine bunkers, other transformation, and non-energy use. 


TABLE 1-13. World Energy- Related Carbon Dioxide Emissions by Sector 
in lEA's World Energy Outlook 2006 Reference Case (Million Metric Tons) 


carbon emissions will still be far lower in China. Like- 
wise, on a per capita basis, U.S. oil demand is 10 times 
China’s, and the United States will still consume 6 times 
as much per capita as China in 2030 {Figure 1-44). 



HGURE 1-42. Oil Demand Growth by 2030 


5. New technologies don't necessarily lead to reduced 

energy consumption. 

There are any number of ways that information tech- 
nologies could be used to reduce energy consumption, 
including telecommuting, dematerialization (i.e,, the 
paperless office), and energy-efficient digital control 
systems in cars, buildings, and factories. The rapid 
penetration of information technologies in the econ- 
omy has led some observers to predict accelerated 
reductions in U.S. and global energy intensity. 

While the notion that technology development will 
lead to net reductions in energy use is appealing, is it 
proven, or even likely? Increased electric-plug loads 
associated with computers and other types of office 
equipment, and growing energy demand resulting 
from increased economic growth fueled by new infor- 
mation technologies, could induce a net increase in 
energy demand rather than a net decrease. 

Based on various studies of information technology 
energy use, it can be estimated that information tech- 
nology equipment currently uses about 210 terawatt- 
hours (210 trillion watt-hours), or about 5 percent of 
U.S. electricity consumption. This is almost as much 
electricity as could be saved by 2010 through effi- 
ciency measures witli acost of 10 cents or less per kilo- 
watt-hour. In other words, the electricity consumed 
by information technologies in the United States, 
most introduced over the last decade, exceeds the 
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Source: ElA, International Energy Annual 2004. 

FIGURE 1-43. Regional Increase in Carbon Dioxide Emissions 


electricity-savings potential for refrigerators, wash- 
ers, dryers, televisions, and the multitude of other 
electricity consuming appliances and equipment. 

Technology advances make projecting energy-use 
trends particularly difficult. If excessive technologi- 
cal optimism causes an under estimation of future 
energy demand requirements, society could be forced 
to develop new energy sources hastily, at potentially 
great financial and environmental costs. Likewise, 
overlyoptimisticpredictionsthatinformation technol- 
ogy (or any other technology) will reduce our reliance 
on fossil fuels might send the message that addressing 
energy challenges will not require any hard choices. 

There are few historical precedents for new tech- 
nologies actually reducing energy use (as opposed 
to just reducing energy intensity). New technologies 
often create new service demands at the same time 
that they improve the efficiency of existing service 
demands — the technology has the potential to reduce 
energy use, but gets called on for other purposes or 
allows (and in some cases even encourages) increased 
demand for new and additional energy services. For 
FIGURE 1-44. ComparLson of Oil Demand example, refrigerators are far more efficient (per 

Per Capita — 2004 and 2030 Industry cubic foot) than they were two decades ago, but more 



2004 

Source: lEA, World Energy Outlook 2006. 
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households have more than one refrigerator, and 
refrigerators have become bigger. Likewise, homes 
are better insulated and air conditioning and heating 
systems have become more efficient, but at the same 
time homes have grown in size. And cars, as dis- 
cussed below, have become far more energy efficient, 
but that very efficiency has been offset by increased 
horsepower, size, and weight of vehicles. 

In summary, care should be exercised when evalu- 
ating the future use of technology— information age 
or other — as a means of reducing future energy use. 

6. Large untapped potential for improved fuel econ- 
omy in light duty vehicles. 

Driven by rising incomes, global light duty vehicle 
(LDV) ownership rates are expected to increase from 
100 vehicles per 1000 persons today to 170 in 2030. 
As a result, LDVs in use worldwide are expected to 
double, from 650 million in 2005 to 1.4 billion In 2030. 
Whereas U.S. and Japanese markets, for example, are 
expected to increase along with population, vehicle 
sales are expected to triple in non-OECD countries 
by 2030. 

Vehicle fuel-use efficiency has increased. One recent 
study found that fuel-use efficiency (energy recovered 
per unit of fuel consumed) has increased by about 
1 percent per year since 1987. This could have resulted 
in an increase of 0.2 miles per gallon per year. How- 


ever, gains in efficiency have been offset by increases 
in vehicle weight, size, power, and accessories. If these 
factors had instead remained constant since 1987, 
average fuel economy would be 3-4 mpg higher for 
both cars and trucks than it is today (Figure 1-45). 

Consequently, vehicle fuel economies (miles per gal- 
lon) in the United States have stagnated. Lowfuel prices, 
combined with no increase in Corporate Average Fuel 
Economy (CAFE) standards, have led to U.S. light duty 
vehkie fleet-wide fuel economy that is essentially flat 
since the mid 1980s. At the same time, the structure of 
the CAFE standards allowed increased purchase of light 
trucks (SUVs, pick-ups, and minivans), which are sub- 
ject to less-stringent fuel economy requirements. Cars 
still make up more than 60 percent of total vehicle miles 
traveled, but li^t trucks now account for more than half 
of the light duty vehicle sales in the United States, up 
from 20 percent in the 1976 to 53 percent in 2003. The 
l>enod since the mid- 1980s stands in stark contrast to the 
previous decade (1975-85), in which the fuel economy 
of America’s light duty vehicles increased by two-thirds, 
driven by CAFE standards that increased annually. 

There is a lot of uncertainty about business-as- 
usual trends in fuel economy. AEO 2006 projects that 
LDV fuel economy in the United States will increase 
17 percent, from 24.9 mpg in 2003 to 29.2 mpg in 
2030, in spite of an increase in horsepower of 29 per- 
cent. WEO 2006, however, projects an increase of just 



MODEL YEAR 

Source; U.S. EPA, Light-Duty Automotive Technology and Fuel Economy Trends: 1975-2003. 


FIGURE 1'45. U.S. Car and U^t-Truck Fuel Economy 
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2.5 percent. Baseline expectations on improved fne! 
economy make a big difference in terms of hotvmuch 
energy savings we could expect from changes in CAFh 
standards or from other policies. Higher gasoline 
prices — if sustained — could result in the purciiase 
of vehicles with better fuel economy, especially if 
fuel-economy improvements are available with little 
increase in price or reduced performance. 

There are several technologies that could be used, 
without short-changing vehicle performance, includ- 
ing continuously variable transmissions, engine 
supercharging and turbo charging, variable valve 
timing, cylinder deactivation, aerodynamic design, 
the integrated starter/generator, and low-resistance 
tires. In its 2002 report on fuel economy standards, 
the National Research Council found that a combi- 
nation of various technologies could boost LDV ftiel 
economy by one-third, and would be cost-effective 
for the consumer (would pay back over the life of the 
vehicles). With much higher gasoline prices, as seen 
in recent years, that savings potential is even greater. 
Note that all of these technological improvements 
could be used to improve other aspects of vehicle per- 
formance besides fuel economy. 

Realizing such a fuel economy potential will likely 
require a range of policies to encourage improved fuel 
economy, including: increasing and/or reforming 
vehicle ^el economy standards, fuel taxes, and vehi- 
cle "feebates" (e.g., fee for low-fuel economy vehicles, 
rebate for high fuel economy vehicles). 

7. Prices matter. 

Rising prices, along with growing concerns about 
international energy security and global climate 
change have put energy in the news. Policymakers 
and business leaders want to know how much and 
when demand will respond to these high prices: and 
whether riew policies and measures might stimulate 
the development of new energy resources and the 
more efficient use of existing energy resources. 

Conventional wisdom, for example, suggests that 
there will be little quantity response to higlier energy 
prices, at least in the short run. However, decades of 
econometric work suggests that over time consumers 
and businesses do adjust. Based on a meta-analysis by 
Carol Dahl (2006), which reviewed findings from 190 
studies of elasticity conducted from 1990 through 2005, 
short-run price elasticity appears to range from around 
-0.1 to -0.3. In the long run, demand for various types 
of energy is roughly three times as responsive to price 


changes. However, demand is far more responsive to 
income than to price. 

Past elasticities are not necessarily indicative of price 
responsiveness in the future. The magnitudes of all 
elz^ticities are influenced by changes in technology, 
consumer preferences, beliefs, and habits. It is entirely 
conceivable that a sustained period of high energy 
prices (for perhaps 5-10 years) could induce far greater 
percentage changes in the quantity of energy demand. 

Elasticities could also be changed by policies. But 
given the relative importance of income compared to 
prices, if policies focus only on rising price signals with- 
out providing alternatives to current transportation and 
lifestyle patterns, consumers and businesses may view 
those policies as more punitive than productive. 

8. Fuel-switching capabilities are declining in indus- 
try and increasing in transportation. 

The ability to substitute fuels in a given sector 
affects how vulnerable that sector is to supply dis- 
ruptions and associated price spikes. The ability to 
substitute fuels during a disruption lessens demand 
for the disrupted fuel, thereby reducing the size of the 
shortfall and the associated price spike. Lacking the 
ability to substitute fuels, prices need to rise to fairly 
high levels in times of shortage in order to reduce the 
activity that is generating the demand for fuel. 

In the United States, the buildings sectors have very 
little ability (less than 5 percent) to switch fuel. Fuel- 
switching capabilities are higher, but falling, in the 
power and industrial sectors. Capability is low, but 
increasing, in the transportation sector 

The transportation sector is heavily reliant on 
petroleum and has little fuel substitution capabil- 
ity. About 5 million light duty vehicles in the United 
States have flexible fuel capability, representing about 
2 percent of the total light duty fleet. By 2030 , roughly 
one in ten light duty vehicle sales will have E-85 flex 
fuel (ethanol/gasoline) capability. 

To make the widespread supply of E-05 economi- 
cal will require more flex-fuel vehicles, substantial 
investments in the distribution system, and devel- 
opment of a second-generation feedstock that is not 
used for food (e.g., cellulosic ethanol). Even then, 
ethanors ability to reduce price volatility for motor 
fuels will be limited unless there is spare ethanol pro- 
duction capacity. Meanwhile, increased reliance on 
ethanol could result in increased price volatility due 
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to weather factors reducing crop size, transportation 
bottlenecks, high rail costs, and other local supply 
and demand factors- 

Eiectric power generation appears to engage in 
significant short-term fuel switching, especially 
during times of high natural gas prices. This capa- 
bility has declined over the last decade, from one- 
third of power generation gas boilers that were able 
to use residual fuel oil as a second fuel source in the 
mid-1990s to about one-quarter now (Figure 1-46). 
The reasons for the decline in fuel-switching capa- 
bility include environmental restrictions, costs for 
additional storage of secondary fuels, and siting and 
related permitting complications that arise with 
multi-fuel generation facilities. 

In the industrial sector, roughly one-fifth of the nat- 
ural gas consumed can be switched to another fuel. 
Protection from hi^y volatile energy prices for resi- 
dential and commercial consumers can be had indi- 
rectly via the other consuming sectors. To the extent 
that fuel flexibility and switching in the transporta- 
tion, power, and industrial sectors mitigates price 
spikes and volatility, a spillover benefit accrues to the 
residential and commercial sectors. 
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Source: NPC Natural Gas Study, 2003. 


FIGURE 1-46. Fuel Substitution Capability 


RESIDENTIAL/COMMERCIAL 
EFFICIENCY ♦ 

Buildings are major consumers of oil and natural 
gas both nationally and globally, both directly and 
indirectly through the consumption of electricity gen- 
erated from oil and natural gas. While most energy 
consumed in buildings is for traditional uses such 
as heating, cooling, and lighting, a growing portion 
is going to new electric devices, many of which were 
rare or even nonexistent just a few years ago. And, 
while significant efficiency improvements have been 
made in building shells, systems, and appliances, the 
potential energy savings have been partially offset by 
additional energy service demand requirements that 
have occurred as a result of increased home sizes as 
well as new and larger electric devices. 

If all achievable, cost-effective energy-efficiency 
measures were deployed in residential and commer- 
cial buildings, anticipated energy use could be reduced 
by roughly 15-20 percent. The potential for cost- 
effective energy efficiency improvements depends 
heavily on the price of energy, consumer awareness 
and perceptions, and the relative efficiency of avail- 
able products in the marketplace. These factors are 
determined in part by government policies. 

The major barriers to energy-efficiency investments 
are low energy prices relative to incomes, due in part 
to externalities not being included in prices and gov- 
ernment subsidies, split incentives (consumers of 
energy different from those selecting energy consum- 
ing facilities or paying for energy), and consumers’ 
lack of information. To the extent that societal bene- 
fits from improved efficiency are recognized, govern- 
ment policies to promote energy efficiency are used. 
To reduce energy consumption significantly below 
levels associated with the current policy environment 
will require additional policy related improvements 
in energy efficiency. These policies should take into 
account the potential to increase energy-service con- 
sumption as a result of less energy consumption. 

When energy losses in the generation and distribu- 
tion of electricity are included, about 40 percent of 
U.S. energy is consumed in the residential and com- 
mercial buildings sectors. Current projections indi- 
cate that building energy use will increase by more 
than one third by 2030. Commercial building energy 
use is expected to increase by nearly half, due to con- 
tinued growtli in the service economy. Residential 
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energy use is expected to grow at half that rate. The 
combined energy use growth in residential and com- 
mercial buildings is expected to represent about 
45 percent of total primary energy growth.^ 

According to AEO 2007, buildings currently repre- 
sent only about 6 percent of economy-wide petro- 
leum consumption, a share projected to decline to 
about 4 percent by 2030. 'Ehe natural gas story is quite 
different. Buildings consume 55 percent of natural 
gas and are expected to be responsible for about three 
quarters of the growth in natural gas consumption 
through 2030 (including gas used for electricity sup- 
plied to buildings). Commercial and residential build- 
ings represent 52 percent and 25 percent, respectively, 
of overall projected natural gas consumption growth 
from 2005-2030.-’ 

United States Residential/ 
Coiximercial Energy Use 

The AEO Reference Case is an attempt by analysts 
at the EIA to predict efficiency improvements given 
projected energy prices and other factors influencing 
the penetration of various energy-saving technolo- 
gies. Energy efficiency savings potential including 
additional policies, standards, behavioral changes, and 
technological breakthroughs far exceed the efficiency 
included In the AEO Reference Cases. Specific estimates 
of the exact magnitude of this potential vary widely. 

Estimates of achievahie, cost-effective reductions 
in building electricity use for commercial and resi- 
dential buildings in the United States range from 7 
to 40 percent below the Reference Case projections. 
The midrange appears to be around 20 percent for 
commercial buildings, and slightly less in residential 
buildings. 

EIA (AEO 2007) estimates residential sector energy 
consumption (not just electricity consumption) would 
be 24 percent lower than in its Reference Case if “con- 
sumers purchase the most efficient products available 
at normal replacement intervals regardless of cost, 
and that new buildings are built to the most energy- 
efficient specifications available, starting in 2007.” 
Energy-efficient building components would include, 


4 Energ}' inforniaiion Administration, Annual Energy Outlook 
2007 with Projections to 2030, Table 2, February 2007, http:// 
vv\v\v:ci;.!.iioe.g<)v/oii.i!7iH'r>;excd/aociUib_2.,\is. 

5 Calculation.s based on data from Annual Energy Outlook 2007^ 
Table 2, 


for example, solid-state lighting, condensing gas fur- 
naces, and building envelope improvements such as 
high-efficiency windows and increased insulation. 

Similarly, EIA (AEO 2007) estimates that commercial 
building energy consumption in 2030 would be 13 per- 
cent less than projected in its Reference Case if “only 
the most efficient technologies are chosen, regardless 
of cost, and that building shells in 2030 are 50 percent 
more efficient than projected in the Reference Case 
[including] the adoption of improved heat exchangers 
for space heating and cooling equipment, solid-state 
lighting, and more efficient compressors for commercial 
refrigeration.” Table 1-14 lists efficiency improvements 
that could be achieved in several categories by 2030. 

EIA efficiency-potential estimates are on the high 
end of the residential studies we examined, and on 
the low to mid range of the commercial estimates (see 
Figures 1-47 and 1-48). Note, however, that the EIA pro- 
jections assume that cost is no concern, so inasmuch 
as the other efficiency potential studies include cost- 
effectiveness tests, we would expect the EIA estimates to 
he at the high end of the studies. Furthermore, the other 
studies are for the most part examining the potential for 
electricity savings, not energy savings overall. 

According to the 2006 McKinsey Global Institute 
study of energy-efficiency potential, if all energy- 
efficiency measures with internal rates of return of 
10 percent or better are implemented, U.S. residential 
energy demand could be reduced by 36 percent below 
its 2020 baseline and commercial energy use could 
be reduced by 19 percent. Using the same invest- 
ment criteria. McKinsey estimates global residential 
building energy demand could be reduced by 15 per- 
cent below baseline and global commercial building 
energy demand could be reduced by 20 percent.® 

As previously mentioned, most of the studies we 
examined estimated an efficiency potential of 10 to 
20 percent in commercial buildings and 10 to 15 per- 
cent in residential buildings beyond business as usual, 
with the American Council for an Energy-Efficient 
Economy (ACEEE) studies estimating potentials as 
high as 35 percent for residential buildings in Florida 
and 40 percent for commercial buildings in Texas. 

At the other extreme, the Electric Power Research 
Institute (EPRI) developed a supply curve for electric 
demand-side measures in 2010 — including residential 

6 McKinsey Global Institute, Pivductivity of Growing Global- 

Energy Demand: A Microeconomic Perspective, November 2006. 
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Source: Energy Information Administration, Annual Enerfy Outlook 2007, table 21, http:/ /vv\v\v,eia.doe.gov7oial7cieo/suppi.eine,‘nl7sup ici.xls. 

TABLE 1-14. Residential Stock Efficiency Improvements, 2007-2030 


and commercial buildings, and industry^ According to 
the EPRI analysis, by 2010 the United States could reduce 
electricity use by about 150 terawatt-hours (3.9 percent 
of total U.S. electricity consumption) with measures 
costing less than 10 cents per kilowatt-hour and 210 
terawatt-hours (5.5 percent) at 20 cents per kilowatt- 
hour or less. For reference, electricity consumption in 
2005 totaled about 3,800 terawatt-hours® and the retail 
price of electricity in 2005 was 9.5 cents per kilowatt- 
hour for residential, 8.7 cents per kilowatt-hour for com- 

7 Clark GelHngs, Greg Wikler and Debyani Ghosh, "Assessment of 
U-S. Kiectric End-Use Energy Efficiency Potential,’’ The Bkctricity 
Journal, November 2006, VoL 19, Issue 9, Elsevier Inc. 2006, p.67. 

0 Energy Information Administration, Electric Power Annual with 
data for 2005, November 2006, !iUp://wvvw.eia.doe,gov/cneaf7 

ck'ciriciTy/epa'cpatesI'.himL 


mercial, and 5.7 cents per kilowatt-hour for industrial.® 
At these prices, about 50 terawatt-hours (1.3 percent) of 
electric efficiency improvements could be achieved. 

Buildings typically last decades if not centuries. Many 
of the features of buildings that affect their energy con- 
sumption — e.g., solar orientation, windows, ti^tness, 
and wall thickness — largely will go unchanged through- 
out the life of the building. Technologies and practices 
affecting these long-lived systems will be slow to pen- 
etrate the buildings stock and affect overall efficiency. 

Building-energy codes typically target only new 
buildir^s and major rehabilitations, which is important 

9 Energy Information Administration. Electric Power Annual with 
data for 2005, November 2006, imp://wuvv.tta.dii(!.g(sv/c:iK‘at7 
elcctricity/epa/epat7p4.htnil. 
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Source; Alliance to Save Energy, 2007. 


FIGURE 1 -47. Achievable Potential for Electricity Savings in the Residential Sector (Various Studies) 
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Source; Alliance to Save Energy, 2007. 


FIGURE 1-48. Achievable Potential for Electricity Saving in the Commercial Sector (Various Studies) 
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because today’s new buildings are tomorrow’s existing 
buildings. New building codes and appliance standards 
can be bolstered to improve overall building energy use, 
but to significantly impact building energy use policies 
that induce significant savings in existing buildings are 
necessary. Appliance standards, labels and other mea- 
sures target appliances and other equipment used in 
existing buddings. 

Appliances, heating equipment, and air condition- 
ing facilities are replaced as they wear out. Energy use 
can be addressed by standards for these applications 
as the equipment is replaced. 

New buildings can be constructed to meet current 
“best practices” at the time of construction. Since 
buildings are usually constructed and used by different 
groups it is likely that standards would be needed to 
ensure construction that is economically thermally effi- 
cient for the areas in which construction takes place. 

Translating Efficiency Into 
Reduced Energy Demand — 
“Consumption-Based Efficiency” 

It is not always clear to what extent efficiency 
improvements are translated into actual reductions 


in energy demand. While the energy efficiency of 
homes has increased, so have home sizes. The aver- 
age American home’s floor area more than doubled 
between 1950 and 2000, as did floor area per capita; 
both square footage per home and per capita have 
increased by more than half just since the 1980s (see 
Figure 1-49).’” Similarly, according to EIA’s Residen- 
tial Energy Consumption Survey (RECS), refrigera- 
tor energy use per household was roughly the same 
in 1993 and 2001, even though energy use per unit 
virtually halved during that time period.” WTiile it 
is possible that second refrigerators would be com- 
monplace regardless of unit efficiencies, it can at least 
be said that the demand for new energy services has 
increased as fast as efficiencies. 

The demand for new energy services, such as sec- 
ond (and third) refrigerators and bigger homes, is 
driven by growing incomes, low energy prices, and to 


10 NationalAssociationofHome Builders (NAHB), “Housing Facts: 
Figures and 'Rends 2003," 2003. Washington, DC. 

11 EIA, Residential Energy Consumption Survey 1993. 1993, 
Table 5.27, !ifTp://cia.doe.j>ov/put>/coiisi.unption/residentiaiy 
rxfiScctfi.pdf, & Residential Energy Consumption Survey 2001, 
2001, Table CE5-lc. liit:p://wvvw,cia.dae.g()v/ejiuai/rc(:s/ 
recs2{K)l/ce...pdlVappliatu‘esya!5-.ic....c:!iinaio2(>01,pdi; estimat- 
ed average household site electricity consumption for refrigera- 
tors was 5 million Btu in 2001 and 4.7 million Btu in 1993. 



Source: Harris et al., Don't Supersize Mel Toward a Policy of Consumption-Based Energy Efficiency, Environmental Energy Technology 
Division, Lawrence Berkeley National Laboratory, 2006. Original data from National Association of Home Builders. 


FIGURE 1 -49. U.S. House Size (Floor Area) 
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some extent reduced operating costs due to improved 
efficiency. Some reductions in demand from energy- 
efficiency improvements are "taken back” in the form" 
of increased demand for less-costiy energy services. 
For example, efficiency improvements result in lower 
energy costs for refrigeration, whicli leads to increased 
demand for refrigerators. This “snapback" or rebound 
effect is estimated to be about 10 to 20 percent of lln^ 
initial energy savings for most efficiency measures, 
although it varies depending on several factors, 
including end-use and elasticity of demand.’^ 

Some energy-efficiency programs may even be ; 
contributing to — or at least not dampening — the 
increased demand for bigger appliances. The cat- 
egorization of energy-using products for purposes 
of standards and labeling development may pro\dde 
some perverse incentives to purchase products that 
are bigger, more powerful, or have more amenities. 
For example, ENERGY STAR label eligibility require- 
ments for refrigerators vaiy by size — in some cases, 
the most efficient refrigerator in a larger class (which 
is therefore eligible for the ES label) may consume 
more energythanthe least efficient in the smaller class 
(which is not eligible for the label). As a result, the 
ENERGY STAR label may inadvertently steer consum- 
ers toward “more efficient” refrigerators that are larger 
or have more amenities when the smaller refrigerator 
with fewer amenities and lower energy consumption 
might otherwise have been the choice.’^ 

DEMAND STUDY POTENTIAL 
POLICY OPTIONS 

From the work that was done by the Demand Task 
Group, the following list of potential policy actions 
was developed. The fundamentals supporting the 
list revolve around factors such as impact related to 
demand level, understanding of use, and effect on 
energy security. From this list, the overall study group 
developed three policievS as study recommendations 
(see Policy Recommendations section below). 


12 Resources for the Future, "Retrospective Examinations of; 
Demand-Side Energy Efficiency Policies," Discussion Paper, 
2006. 

LI Jeffrey Harris, Rick Diamond, Maiihili Iyer, ' Chris Payne 
and Carl Bkimstein, Don't Supersize Met Toward a Policy of- 
Consumption-Based Energy Efficiency, Environmental Energy, 
Technologies Division, LBNL, 2006 ACEEE Summer Study on. 
Energy Efficiency, p. 7-108. 
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1. Enhance international energy' security franie- 
vvork. 


2. U.S. leadership on environmental concerns. 


3. Areas should be identified where market solu- 
tions to support energy efficiency may not be 
fully effective. 

Policy makers should consider policies that encour- 
age energy-efficiency improvements, Including 
metrics to measure progress. 

4. Raise vehicle hiel efficiency at the maximum rate 
consistent with available and economic technology. 

Vehicle fuel efficiency standards should be 
raised. The interests of all concerned parties 
should be considered when establishing neW 
efficiency standards. Significant gains in effi- 
ciency have occurred in the past. The average 
fuel efficiency of new cars doubled from 1974 to 
1985. The Transportation Efficiency Subgroup 
analysis said “technologies exist, or are expected 
to be developed, that have the potential to 
reduce fuel consumption by 50 percent relative 
to 2005.” 

5. The federal government should a) encourage states 
to implement more aggressive energy efficient 
building codes and b) update appliance standards. 

Building codes and appliance standards should be 
updated to reflect currently available technology. 
New, up-to-date standards should be enforced. 
Options should be developed for enhancing cur- 
rent incentives to retrofit existing structures for 
improved energy efficiency. 
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China and India will account for a significant 
share of future growth in oil and gas demand. The 
United States should lead the enhancement of an 
international energy security framework, such as 
an expanded International Energy Agency, that 
includes China and India. 


If policy makers conclude that additional action 
to reduce carbon dioxide emissions is warranted, 
then the United Stales should take a leadership 
role to develop an effective global framework that 
involves all major emitters of carbon dioxide. Ini- 
tiatives may be disjointed without U.S. leadership 
because some high growth developing countries 
are not likely to engage in such efforts unless 
developed countries, and especially the United 
States, take a clear leadership role. 
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6. Encourage greater efficiency in the industrial 
sector. 

Foster research, development, demonstration, 
and deployment of energy efficiency technologies 
and practices in the industrial sector. The U.S. 
industrial sector consumes one-third of the energy 
used in the United States. Technologies exist that 
could save 15 percent of this energy, but only 
one-third of this is currently economic. Further 
research and development is required to imple- 
ment the remaining potential gain in efficiency. 
Areas of opportunity include waste heat recovery 
and boiler/steam efficiency. Make permanent the 
research and development tax credit is an option 
to increase industrial energy efficiency. 

7. Visible and transparent carbon dioxide cost. 

If policy makers conclude that additional action to 
limit carbon dioxide emissions is warranted, then 
a mechanism should be developed that establishes 
a cost for emitting carbon dioxide. The mecha- 
nism should be economy-wide, visible, transptu- 
eni, applicable to all fiiels, and durable for the 
long-term. By establishing a cost (or price), com- 
panies will be better positioned to determine how 
to restrain carbon dioxide emissions. A carbon 
dioxide cap-and-trade system or a carbon dioxide 
tax are two possibilities that could reduce emis- 
sions and establish a carbon dioxide cost. 

8. The U.S. manufacturing Industry and national 
security will be enhanced through a diverse 
range of fuels to generate power. 

Fuel choice for power generation should be fos- 
tered to avoid increasing dependence on a single 
fuel. Reference projections Indicate that the United 
States will be increasingly reliant on ING imports to 
satisfy domestic natural gas demand. There are sev- 
eral potential drivers that could result in even higlier 
domestic natural gas demand — e.g., escalating con- 
struction costs and greenhouse gas considerations, 
both of which favor natural gas over coal for new elec- 
trical power generation. Relying too heavily on natu- 
ral gas for power generation could displace energy 
intensive manufacturing from the United States. 

9. Improve energy data collection. 

Ener^ data collection efforts around the world should 
be expanded to provide data in a consistent and time- 
ly fashion. India and China should be encouraged to 
participate in world energy data collection. 


10. Improve energy modeling. 

Development and use of economic activity feed- 
back projection techniques should be encouraged 
to aid in evaluation of critical policies such as car- 
bon constraint. 

POLICY RECOMMENDATIONS 

Improve Vehicle Fuel Economy 

Nearly half of the 2 1 million barrels of oil products 
that the United States consumes each day is gasoline 
used for cars and light trucks. The Reference Case in 
AEO 2007 projects that gasoline consumption will 
increase by an average of 1.3 percent per year, totaling 
an increase of 3 million barrels per day between 2005 
and 2030. 

The CAFE standards have been the primary pol- 
icy used to promote improved car and light-truck 
fuel economy in the United States over the last three 
decades. The original standards created one econ- 
omy requirement for cars, and another less stringent 
one for li^t trucks to avoid penalizing users of work 
trucks. At the time, light-truck sales were about one- 
quarter of car sales. Since then, sport utility vehicles 
and minivans classified as light trucks have increased 
their share of the market. Now. these light-truck sales 
exceed car sales, and the increase at the lower truck 
fuel economy standard has limited overall fuel econ- 
omy improvement. 

Cars and trucks sold today are more technically 
efficient than those sold tw.o decades ago. However, 
the fuel economy improvements that could have 
been gained from this technology over the last two 
decades have been used to increase vehicle weight, 
horsepower, and to add amenities. Consequently, car 
and truck fuel economy levels have been about flat for 
two decades, as previously shown in Figure 1-45. 

Based on a detailed review of technological poten- 
tial, a doubling of fuel economy of new cars and light 
trucks by 2030 is possible through the use of exist- 
ing and anticipated technologies, assuming vehicle 
performance and other attributes remain the same 
as today.*'' This economy improvement will entail 

14 See in this report, '‘Transportation Efficiency” section of Chap- 
ter 3, Technolog}'. The extent to which technologies trans- 
late into reductions in fuel consumption depends on several 
factors, including costs, consumer preferences, availabilit}', 
deployment, and timing. 
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higher vehicle cost. The 4 percent annual gain in 
CAFE standards starting in 2010 that President 
George W. Bush suggested in his 2007 State of the 
Union speech is not inconsistent with a potential 
doubling of fuel economy for new light duty vehicles 
by 2030. Depending upon how quickly new vehicle 
improvements are incorporated in the on-road light 
duty vehicle fleet, U.S. oil demand would be reduced 
by about 3-5 million barrels per day in 2030.*^ Addi- 
tional fuel economy improvements would be pos- 
sible by reducing vehicle weight, horsepower, and 
amenities, or by developing more expensive, step- 
out technologies. 
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Reduce Energy Consumption in the 
Residential and Commercial Sectors 

Forty percent of U.S. energ>^ is consumed in the resi- 
dential and commercial sectors, includingthe energy lost 
while generating and distributing the electricity used. 
The EIA projects that U.S. residential and commercial 
energy use will increase almost one-third by 2030. 

Significant efficiency improvements have been 
made in buildings over the last several decades. 
Improvement areas include the building structure 
itself; heating, cooling, and lighting systems; and 
appliances. However, these improvements have been 

15 The potential fuel savings of 3 to 5 million barrels per clay in2030 
is relative to a scenario where current fuel economy starulaids 
remain unchanged fhrough20.3(). 


partly offset by increased building sizes and by use of 
lai^er and multiple appliances. Cost-effective energy 
efficiency building technologies have outpaced cur- 
rent U.S. federal, state, and local policies. If applied, 
currently available efficiency technology would 
reduce energy use an additional 15-20 percent.'® 

Buildings typically last for decades. Many of the fea- 
tures of buildings that affect their enei^ consumption, 
such as wall thickness, insulation, structural tightness, 
and windows, will go largely unchanged throughout 
the life of the building. Technologies and practices 
affecting these long-lived systems will be slow to pen- 
etrate the building stock and affect their overall effi- 
ciency, making it important to implement policies 
early to achieve significant long-term savings. 

Major barriers to energy efficiency investments 
include initial costs, insufficient energy price signals, 
split incentives (where the consumer is different from 
the facility provider), and individual consumer’s lim- 
ited information. To reduce energy consumption sig- 
nificantly below the projected baseline will require 
policy-driven improvements in energy efficiency. 

Building Energy Codes 

Building energy codes have proved to be a signifi- 
cant policy tool to encourage increased energy effi- 
ciency in new buildings, and in buildings undergoing 
major renovations. Building codes are adminkstered 
by the 50 states and by thousands of local authorities. 
To help state and local governments, national model 
energy codes are developed and updated every few 
years. Under federal law, states are not obligated to 
impose energy codes for buildings, although at least 
41 states have adopted some form of building energy 
code. 

Adopting a building code does not guarantee energy 
savings. Code enforcement and compliance are also 
essential. Some jurisdictions have reported that one- 
third or more of new buildings do not comply with 

16 Baseline projections taken from Energy Information Adminis- 
tration, Annual Energy Outlook 2007 ivith Projections to 2030, 
Table 2. February 2007. hupu Avvvw.eia:,i;:!oe;.jp\?/oiai7BKO/ 
excel/ aeotab_2.xIs: savings estimates taken from several studies 
including Building on Success, Policies to Reduce Energy Waste 
in Buildings, Joe Loper, Lowell Ungar, David Weltz and Harry 
MIsuriello - Alliance to Save Energy. July 2005. “Achievable’’ 
used here means that the measures are currently available and 
the savings can be realized with a reasonable level of effort and 
widt acceptable reductions, if any, in perceived amenity value. 

For additional discussion, see the National Action Plan for 
Energy Ejficiency, which is available at; h«p://vv\v\v.<'pa,;;o\’/ 
cleanrg\’/actionpian/c‘eacliofipl;vii.!itvr! 
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critical energy code requirements for windows and air 
conditioning equipment, which are among the easi- 
est energy saving features to verify.*^ 

Building energy codes typically target only new 
buildings and major renovations. Additional policies 
are needed to encourage incremental, significant sav- 
ings in existing buildings. 

Appliance and Equipment Standards 

Standards for appliances and other equipment 
are major policy measures that reduce energy use 
in existing buildings. These products may not con- 
sume much energy individually, but collectively they 
represent a significant portion of the nation’s energy 
use.^® 

Energy efficiency standards currently do not apply 
to many increasingly common products, includ- 
ing those based on expanded digital technologies. 
Product coverage must be continuously evaluated 
and expanded when appropriate to assure inclu- 
sion of all significant energy consuming devices. 
In addition, industry and other stakeholders have 
negotiated standards for other products, such as 
residential furnaces and boilers. Implementing and 
enforcing expanded and strengthened standards 
would reduce energy consumption below the levels 
that will result from current Department of Energy 
requirements. 

Residential and commercial efficiency gains are 
partially Consumed by increased use of the services 
and products that become more efficient. For exam- 
ple, U.S. house sizes have increased steadily over 
the years, offsetting much of the energy efficiency 
improvements that would have resulted had house 


17 From Building on Success, Policies to Reduce Energy Waste in 
Buildings, Joe Loper, Lowell Ungar, David Weitz and Harry 
Misuriello - Alliance to Save Energy, July 2005, pp. 18-19. For 
a compilation of compliance .stadies, see II.S. Department of 
Energy, Baseline Studies, on web site (http://wnA'W.eBergycodes. 
gov/.i.mpJe.fnKnt./basi.^iiiH;,,,.8nKiies.strn). Arkansas reports 36 of 
100 homes in the study sample did not meet iheHVAC require- 
ments of the state energy code. 

18 From Building on Success, Policies to Reduce Energy Waste in 
Buildings, Joe !x)per, Lowell Ungar, David Weitz and Harry 
Misuriello - Alliance to Save Energy, July 2005, p. 24 

19 For additional savings potential see Steven Nadel, Andrew 
deLaski, Maggie Eldridge, & fim Kleisch, Leading the Way: Con- 
tinued Opponunities far New State Appliance and Equipment 
Efficiency Standards, March 2006, h!cp://www,standardsasap. 

org/n0{>2.pdf'. 


sizes not swelled. Similarly, household refrigerators 
have increased in number and size, consuming much 
of the reduced energy use per refrigerator gained by 
efficiency standards. Energy efficiency programs 
should consider steps to avoid increasing the demand 
for energy services. 
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Increase Industrial Sector 
Efficiency 

The industrial sector consumes about one-third 
of U.S. energy, and contributes to a large share of 
the projected growth in both oil and natural gas use 
globally and in the United States. Worldwide, indus- 
trial demand for natural gas is expected to double by 
2030. Worldwide, industrial sector demand for oil 
is expected to increase by 5 million barrels per day, 
or 15 percent of total oil demand growth through 
2030. 

The industrial sector is a price-responsive energy 
consumer. U.S. energy-intensive industries and 
manufacturers rely on internationally competitive 
energy supplies to remain globally competitive. In 
recent years, U.S. natural gas prices have risen faster 
than those in the rest of the world. As a result, U.S. 
energy-intensive manufacturers using natural gas as 
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a fuel or feedstock have responded by increasing the 
efficiency of their operations and/or by shifting more 
of their operations to lower energy cost regions out- 
side the United States. 

Across the industrial sector, there are opportunities 
to increase energy efficiency by about 15 percent.^” 
Areas for energy savings include waste-heat recov- 
ery, separation processes, and combined heat and 
power.^* While 40 percent of that opportunity could 
be implemented now, further research, development, 
demonstration, and deployment are required before 
the remaining savings can be achieved. Providing 
programs that encourage deployment of energy effi- 
ciency technologies and practices will hasten their 
implementation. Making the federal research and 
development tax credit permanent is one way to 
encourage private investment in these areas. How- 
ever, a lack of technically trained workers can impede 
the implementation of efficiency projects while the 
uncertainty from price volatility can make justifying 
those projects difficult. 


20 From the Chemical Bcuidwidth Study, DOE, 2004; Energy Band- 
width for Petroleum defining Processes, DOE. 2006; Pulp and 
Paper Industry Energy Bandwidth Study, AJC^hE. 2006. 

See also Curbing Global Energy Demand Growth: The Energy 
Productivity Opportunity, McKinsey Global Institute, May 2007. 

21 “Combined heat and power” refers to using the excess heat 
from generating electricity to meet processing or building heat 
needs. I'his combination is frequently called “cogeneration" 
and results in a substantial increase in efficiency versus gener- 
ating electricity and heat separately. 



Generation of electricity uses a significant amoimt 
of energy. In the United States, about 30 percent of pri- 
mary energy is used by the electric power generating 
sector. Only modest generation efficiency improve- 
ments appear economically feasible in existing plants 
(2 to 6 percent), as efficiency improvements are incor- 
porated during routine maintenance. The major 
potential for efficiency improvement comes when 
existing generation plants are replaced with facilities 
using updated technology and designs. Retirement of 
existing facilities and selection of replacement tech- 
nology and design is driven by economics affected by 
fuel cost, plant reliability, and electricity dispatching 
considerations. 
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ENERGY SUPPLY 
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H set of detailed studies on specific supply-related 
topics supports the analysis in this chapter. These 
topic papers are included on the CD distributed 
with this report (a list of ail the topic papers can be 
found in Appendix E). The data used for analyzing 
energy outlooks are included in the Data Warehouse 
section of the CD. 

SUPPLY SUMMARY 

The question of future energy supplies is significant, 
controversial, and extends beyond oil and gas. Energy 
supply is a complex system that includes several basic 
components: (1) the natural endowment or physical 
store of a particular resource; (2) production or con- 
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version of the resource to usable form; and (3) delivery 
of products to consumers. The components function 
within a larger and changing economic, geopolitical, 
and technical context. The study takes a comprehen- 
sive view that includes each of these elements for fossil 
hydrocarbons and other energy sources such as bio- 
mass, nuclear, and non-bio renewables. 

Data Sources 

The Study considered a diverse set of data that repre- 
sents the range of opinion about energy supply. These 
data were collected in the NPC Survey of Global Energy 
Supply/Demand Outlooks {“NPC Survey of Outlooks”). 
Figure 2-1 shows the sources of supply forecasts and 
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FIGURE 2-1. Supply Data Sources 


data about the underlying resource base. The com- 
prehensiveness of the data is unique to this study and 
established an objective basis for the findings. 

The data were classified into categories that 
included quantitative forecasts as well as reports and 
opinion papers: 

• Public data are freely available from agencies such 
as the U.S. Energy Information Administration 
(EIA) and the International Energy Agency (lEA); 
academic and research institutions; interest groups; 
open literature; and foreign governments. 

* Proprietary data were made available to the study, 
anonymously and with strict safeguards, by private 
businesses such as energy companies and industry 
consultancies. 

® Endowment data represent expert technical opin- 
ion about the physical resource base for hydrocar- 
bons and other sources of energy. 

Source data ranged from integrated supply-demand 
projections through studies of specific elements of 
the energy system such as biomass and transporta- 
tion infrastructure. See the Methodologv^ chapter of 
this report for full details about the techniques used 
in data collection and analysis. 

Resource Endowment 

Endowment and recoverable resources are funda- 
mental concepts in any discussion of energy supply. 


Endowment refers to the earth’s physical store of poten- 
tial energy sources; tons of coal, cubic feet of natural 
gas, barrels of oil, etc. The endowment offossil hydro- 
carbons is fixed; it can be depleted but not replenished. 
Recoverable resources are a subset of the hydrocarbon 
endowment — the portion that can be viably produced 
and converted to fuel and power. 

The natural endowment is the foundation of all 
supply projections. Although there are many esti- 
mates for future producible reserves and production, 
these are often based on the same resource estimates, 
principally data compiled by the United States Geo- 
logical Survey (USGS). Other estimates are made by 
energy companies and non-U.S. governmental agen- 
cies. However, public and proprietary assessments 
are not integrated with each other and may UvSe dif- 
ferent methodologies. The wide range of assessments 
creates uncertainty for policy makers. 

Current endowment and resource assessments 
for oil, gas. and coal indicate very large in-place 
volumes and resource potential, several times the 
cumulative produced volumes and current reserve 
estimates. Renewable resources such as biomass, 
wind, and solar power add additional potential. 
However, physical, technical, commercial and other 
constraints make only a fraction of any endowment 
available for extraction. The key consideration for 
all energy sources is converting the resource endow- 
ment to economically and environmentally viable 
production and delivery. 
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Resources to Production 

The United States is the world's largest cumula- 
tive oil producer and remains the third-largest daily 
producer after Saudi Arabia and Russia. However, 
Figure 2-2 shows that U.S. oil production has 
declined steadily over the past 40 years. Demand for 
oil (and natural gas) has grown at the same time, cre- 
ating a gap with domestic production that is fiUed 
by imports. Any continuing production decline for 
domestic oil will widen the projected gap between 
supply and consumption over the next 25 years and 
beyond. Accumulating geological, geopolitical, 
investment, and infrastructure risks to global oil and 
natural gas supply may compound the gap. 

Supply forecasts are wide ranging and reflect uncer- 
tainty at least partly based on recent difficulty in 
increasing oil production. Forecast worldwide liquids 
production in 2030 ranges from less than 80 million 
to 120 million barrels per day, compared with current 
daily production of approximately 84 million barrels. 
The capacity of the oil resource base to sustain grow- 
ing production rates is uncertain. Several outlooks 
indicate that increasing oil production may become a 
significant challenge as early as 2015. The uncertainty 
is based on (1) the rate and timing at which significant 
quantities of unconventional oil enter the supply mix: 
(2) industry’s ability to overcome increasing risks to 
supply. Figure 2-3 illustrates potential sources of total 
liquids supply as depicted in the lEA World Energy 
Outlook 2004 (WHO 2004). This figure is an illustrative 
example of the various components that make up total 
liquids supply, although the timing and combination 
of the components may vary. 

Public and proprietary supply projections are 
based on assumptions about underlying factors 
such as economic growth, energy prices, and result- 
ing demand: carbon constraints; technology: and 
maximum production volumes and timing. The 
EIA’s low economic growth case, for example, fore- 
casts 50 percent growth in total global energy sup- 
ply by 2030, while its high economic growth case 
forecasts 90 percent growth. The EIA. lEA, and con- 
sultant reference and high-demand cases result in 
the highest projected global oil production levels. 
In contrast, the production maximum (or peak oil) 
and carbon-constrained cases project the lowest 
estimates of global oil production. International 
oil company (IOC) outlooks are considerably higher 
than the lowest supply cases, but lower than the EIA 
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Source; BP Statistical Review of World Energy 2006. 


FIGURE 2-2. U.S. Oil Production and Consumption 


and lEA Reference Cases. The distribution of sup- 
ply outlooks itself raises uncertainties and reflects 
different assessment of the risks involved in finding, 
producing, and delivering energy. 

The uses mean assessment indicates that natural 
gas resources are at least adequate for the increased 
production anticipated over the study period. How- 
ever, the increased production will require replacing 
approximately 50 percent of the existing global natu- 
ral gas reserve base by 2030. 

Coal is a unique energy resource for the United 
States. Given its vast resource base — by many esti- 
mates, the w^orld’s largest — and major contribution 
to electricity generation today, coal is likely to remain 
a fundamental, long-term component of U.S. energy 
supply. Many studies forecast growth in coal use for 
power, plus additional growth through direct con- 
version of coal to liquids to diversify the fuel supply. 
However, coal combustion is also the largest source 
of carbon dioxide emissions from energy production. 
Adding coal-to-liquids production at scale, as with 
conwrsion of most heavy unconventional hydrocar- 
bons, would generate large additional volumes of 
carbon dioxide. Addressing carbon capture at scale 
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Source: lEA, World Energy Outlook 2004. 

FIGURE 2-3. lUiistrative TotalLiquids Supply 


is therefore a prerequisite for retaining coal as a viable 
and critical part of the energy supply system. 

Understanding the Range 
of Production Forecasts 

This Study examined a comprehensive range of 
global oil production forecasts including integrated 
supply/demand studies from EIA and lEA (unless 
otherwise noted, all EIA data referred to in this chap- 
ter are from International Energy Outlook 2006 and 
lEA data are from World Energy Outlook 2006); pub- 
licly available projections from a diverse range of other 
sources: and a unique set of aggregated proprietary 
forecasts from lOCs and energy consulting groups. 
The diversity of this range of projections is shown in 
Figure 2-4, which highlights the EIA reference, the 
Association for the Study of Peak Oil (ASPO) - France, 
and the average of the IOC forecasts for 2030. The 
distribution of production forecasts highlights the 
effect of assigning different levels of risk and uncer- 
tainty to both resource and above-ground factors. This 


distribution of outcomes, along with evaluation of 
assessments of the total resource base, indicates that 
the key consideration for energy supplies is not endow- 
ment but “producibility.” Over the next 25 years, risks 
above ground — geopolitical, technical, and infrastruc- 
ture — are more likely to affect oil and natural gas pro- 
duction rates than are limitations of the below-ground 
endowment. The range of outcomes emphasizes the 
need for proactive strategies to manage the accumu- 
lating risks to liquids delivery in 2030. 

Explanations for the variance in projections for both 
conventional oil and natural gas production are widely 
discussed as part of the “peak oil" debate. As a result, 
this study sees the need for a new assessment of the 
global oil and natural gas endowment and resources to 
provide more current data for the continuing debate. 

Diversification 

Growing U.S. energy demand requires diversified 
energy sources that are economically and environ- 
mentally sustainable at commercial scale. Coal and 
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* Average of aggregated proprietary forecasts from international oil companies (IOC) responding to the NPC survey. 
See Analysis of Energy Outlooks, Global Total Liquids Production, later in this chapter 
for identification of other aggregations and outlooks shown here. 

Source; ElA, International Energy Outlook 2006, and the NPC Survey of Outlooks. 


FIGURE 2-4, Global Total Liquids Forecasts 


nuclear power already play a significant role. Most 
forecasts ejqject them to at least retain their relative 
share of the supply mix. Many forecasts project sig- 
nificant growth for unconventional hydrocarbons, 
including Very heavy oil and bitumen expansion from 
Canadian oil sands. At a more challenging technical 
and ecphoniic level, many forecasts also predict grow- 
ing cdhtributidns from large-scale conversion of coal 
to liquids and the eventual development of vast U.S. oil 
shale resource.s. All unconventional hydrocarbons face 
the critical issue of their significant carbon footprint at 
large-scale implementation. 

Biomass and other renewables are playing a grow- 
ing role as options for transportation fuel or power 
generation, with high year-to-year growth rates. 
Biomass includes wood, cultivated crops, or natu- 
rally growing vegetation that potentially can be con- 
verted to energy sources at commercial scale. First- 
generation conversion of biomass to fuels is based 
on corn, sugarcane, soybeans, or other crops that 
are also food sources. Technically and economically 
successful, second-generation conversion of plant 
waste or fuel crops would allow non-food vegetation 
to be used as feedstock. As with all energy sources, 


technical, logistical, and market requirements will 
need to be met to achieve significant scale. 

Energy projections generally show a continuing role 
for nuclear energy, notwithstanding unique concerns 
about safety, security, and waste disposal. In a carbon- 
constrained environment, nuclear energy maybecome 
a much larger part of the energy mix. However, the U.S. 
technical and industrial capability needed to maintain 
nuclear energy as an option is at risk. 

Key Findings 

Oil, gas, and coal — the fossil hydrocarbons — are by 
far the largest sources of energy in industrial econo- 
mies. While alternative energy sources, particularly 
biomass and other renewables, are likely to increas- 
ingly contribute to total energy supply, hydrocarbons 
are projected to dominate throu^ at least 2030. 

The prospects for hydrocarbon supply are com- 
plex. They involve a growing set of global uncertainties 
ranging from production capabilities through environ- 
mental constraints, infrastructure requirements, and 
geopolitical alignments. Concentration of remaining 
oil and gas resources in a few countries, for example, 
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challenges whether biisiness-as-usual cases represent 
the most likely course of events during the period to 

2030. 

Economically disruptive supply shortfalls of 
regional, if not global, scale are more likely to occur 
during the outlook period than in the past. Increased 
demand will amplify the effects of any short-term ' 
events, which are likely to result in stronger reactions 
than in the past to protect national interests. The new 
dynamics may indicate a transition from a demand- 
driven to a supply-constrained system. 

While uncertainties have always typified the energy 
business, the risks to supply are accumulating and 
converging in novel ways: 

* Resource nationalism, bilateral trade agreements, 
or protectionist policies may remove resources 
from the market and make them unavailable for 
general world supply. 

» Hydrocarbon resources are becoming more diffi- 
cult to access and challenging to produce. 

* Technology requirements are increasingly complex 
and demanding. 

* Costs of developing and delivering energy are esca- 
lating. 

• Demands on current and anticipated infrastructure 
are heavy and growing. 

• Human resources may not be adequate to meet 
projected growth requirements. 

• Environmental constraints on energy supply are 
evolving and indeterminate. 

These risks and uncertainties are the basis for 
understanding supply prospects over the next several 
decades. 

The energy supply system has taken more than a 
century to build, requiringhuge sustained investment 
in technology, infrastructure, and other elements of 
the system. Given the global scale of energy supply, 
its significance, and the time required for substantive 
changes, inaction is not an option. Isolated actions 
are not a solution. The study’s recommendations 
address the supply issue as a whole and contribute to 
building a secure, sustainable energy portfolio. 


PROSPECTS FOR ENERGY SUPPLY 

Energy Endowment 
and Recoverable Resources 

Endowment and recoverable resource are funda- 
mental concepts in any complete discussion of energy 
supplies. This section defines these and other con- 
cepts used in supply forecasts. For detailed review and 
discussion of endowment and recoverable resources, 
see the Endowmcni and Biomass Topic Pa|>ers on the 
CD included with this report. 

The endowment of fossil energy sources refers to 
the earth’s physical store of non-renewable hydro- 
carbons: tons of coal, cubic feet of natural gas, bar- 
rels of oil, etc. The total endowment of fossil hydro- 
carbons is fixed. Some fraction can be developed 
and depleted, but the endowment cannot be replen- 
ished in less than geologic time frames. Renewable 
resources, such as biomass, represent an additional 
potential energy endowment, which, in principle, is 
continuously replenished. Recoverable resources are 
the subset of the total endovmient that can be ulti- 
mately produced and converted into fuel and power. 

Why We Do Endowment Assessments 

Hydrocarbon resource assessments fill a variety of 
needs for consumers, policy makers, land and resource 
managers, investors, regulators, industry planners, and 
others involved in energy policy and decision making. 

Individual governments use resource assessments 
to exercise stewardship, CvStimate future revenues, and 
establish energy, fiscal, and national security policy. 
Energy industries and the investment community use 
resource estimates to establish corporate strategy and 
make investment decisions. Other interested parties 
use the estimates in developing their positions and 
recommendations on energy issues. 

Types of Hydrocarbons 

Fossil Fuel is a collective term for hydrocarbons in 
the gaseous, liquid, or solid phase. The global fossil 
fiiel endowment includes the following: coal, crude oil 
(including condensate), natural gas liquids, and natu- 
ral gas. 

• Coal is the altered remains of prehistoric plants that 

originally accumulated in swamps and peat bogs. 

It Is organic sedimentary rock that has undergone 
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various degrees of coalification, which determines 
Its current physical properties. 

® Crude Oil is defined as a mixture of hydrocarbons 
that exists in a liquid phase in natural underground 
reservoirs and remains liquid at atmospheric pres- 
sure after passing through surface production 
facilities. 

» Natural Gas Liquids (NGLs) are those portions of the 
hydrocarbon resource that ejdst in gaseous phase 
when in natural underground reservoir conditions, 
but are in a liquid phase at surface conditions {that 
is, standard temperature and pressure conditions; 
60°F/15“C and 1 atmosphere). 

* Natural Gas is a mixture of hydrocarbon com- 
pounds ejdsting in the gaseous phase or in solu- 
tion with oil in natural underground reservoirs at 
reservoir temperature and pressure conditions and 
produced as a gas under atmospheric temperature 
and pressure conditions. Natural gas is principally 
methane, but may contain heavier hydrocarbons 
{such as ethane, propane, and hutane) and inert 
compounds. 

Hydrocarbon Assessment Terminology 

Hydrocarbons In Place 

The endowment, or hydrocarbons in place in an 
accumulation or in ail accumulations in the world, 
is significant because some fraction of the in-place 
endowment is always the goal for extraction and con- 
version to resources. In-place estimates have relatively 
high uncertainty and require assumptions and con- 
straints in the analysis. As an illustration, the follow- 
ing global in-place estimates are based on analyses by 
Rogner,' Schoilnberger,^ and others: 

« Coal; 14,000 billion short tons {Rogner: grades A-E, 
several geographical areas not assessed) 

* Oil: 15,000 billion barrels {Schollnberger: mid- 
case — included conventional, heavy, very heavy, 
and NGLs; not including oil shales) 

« Gas: 50,000 trillion cubic feet (Schollnberger; mid- 
case — includes conventional, tight gas, and coal- 
bed methane; not including gas hydrates) 

1 Rogner,H-H.,AnnualReview-EnergyEnviromnent22:217-62: In- 
stitute for Integrated Energy Systems, I Jniveisity of Vittoria, 1997. 

2 Schollnberger, W.E., i998b, Projections of the world’s hydrocar- 
bon resources and reserve depletion in the 21st century; Hous- 
ton Geological Society Bulletin, November, p. 31-37. 


While these volumes can only be estimated within 
wide ranges, they indicate the fossil hydrocarbon 
endowment is large compared to past produced vol- 
umes and current reserve estimates. However, only a 
fraction of the total hydrocarbon endowment can ever 
be technically converted into recoverable resources 
and producible reserves. While continuing technical 
advances are likely to increase this fraction as they 
have in the past, economic, political, and environ- 
mental factors will be important in determining the 
likely size of the recoverable resource base. 

Resources and Reserves 

Resources and reserves are the strategically impor- 
tant elements of the hydrocarbon endowment 
remaining to be prodnced. Figure 2-5 shows various 
classifications of reserves and resources. 

• Resources are those quantities of the endowment 
estimated, as of a given date, to be potentially 
recoverable from known or undiscovered accumu- 
lations. Resources are not considered commercial 
at the time of estimation. 

• Reserves are those estimated quantities of the 
endovsrment anticipated to be commercially recov- 
erable from known accumulations from a given 
date forward. Reserves must satisfy four criteria: 
they must be discovered, recoverable, commercial, 
and remaining based on the development technol- 
ogies currently applied. 

Reserves and Total Resource Growth 

Growth in estimated reserves or resources occurs in 
almost all hydrocarbon systems in the world. Many 
analysts consider it to be the most important source 
for potential additional reserves in mature petroleum 
regions such as die United States. Many factors can 
increase the estimated ultimate recovery from known 
accumulations, including improved; (1) dataasafield 
matures, (2) recovery techniques, (3) imaging for welt 
placement, and (4) completion efficiency. Additions 
to reserves from growth are volumetricaily significant, 
as most additions to world reserves in recent years 
are from growth of reserves in known accumulations 
rather than new discoveries. 

The importance of reserves growth to estimat- 
ing available future oil is the subject of considerable 
debate. One challenge stems from the fact that not 
all countries report reserves in the same way. For 
example, the percentage and rate of conversion of 
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DISCOVERED (IDENTIFIED) RESOURCES 



INCREASING GEOLOGIC UNCERTAINTY 

Source: McKelvey, V.E., "Mineral Resource Estimates and Public Policy," American Scientist, 1972. 


FIGURE 2-5. Example of a McKelvey Diagram, Used to Illustrate the Technical Distinction 
Between Resources and Reserves 


reserves, and, therefore, the predicted amount of field 
growth, depends significantly on the reference point. 
In some cases, the reference point is proved reserves 
(often referred to as PI). In other cases, the basis is 
proved plus probable reserves (PI + P2). The differ- 
ent reference points yield different results for reserves 
growth. 

Oil fields today are also generally smaller and devel- 
oped more quickly, completely, and with better tech- 
nology than in the past. This situation raises the pos- 
sibility that the growth patterns of older fields may 
no longer be reliable predictors for new development 
and estimates of future oil. 

Undiscovered Resources 

Undiscovered resources consist of potential recov- 
ery from accumulations that are postulated to exist on 
the basis of geologic knowledge and theory. There are 
many aspects of resource endowment that must be 
present for hydrocarbons to form and be preserved. In 
a comprehensive resource assessment, each of these 
aspects is examined and measured, but a great deal 
about these aspects remain uncertain. Examination 
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of known accumulations, together with an analysis of 
how many have already been discovered in a hydro- 
carbon province, are used to project numbers and 
sizes of those which may remain to be discovered. 
The larger and more obvious potential accumulations 
are generally drilled first, and usually the largest dis- 
coveries are made early in the life of a basin. 

Table 2- 1 shows the USGS 2000 reserve and resource 
assessment for conventional oil and gas. Between the 
reference date of that study (1/1/96) and the end of 
2005, approximately 275 billion barrels of conven- 
tional oil have been produced. Uncertainty around 
future additions from growth and undiscovered vol- 
umes provides a range of about 2 trillion barrels 
betw'een low and high estimates. 

Conventional and Unconventional 
Reserves and Resources 

Until the 1990s, virtually all estimates of the global 
oil and gas endowment focused on conventional 
reserves and resources, defined as oils, NGLs, and gas 
expected to be economically produced using conven- 
tional technology and distributed in nature as discrete 
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Note; P95 refers to a 95 percent probability that the resource size 
wiil exceed the estimate, while P5 indicates a 5 percent probability 
that die resource size exceeds the estimate — thus P95 represents 
the low end of an assessment and P5 the high end. USGS provides 
a range of outcomes for reserves growth and undisctwered 
resources. No range is provided for cumulative production and 
proved reserves. 

Source: United States Geological Survey, 2000. 

TABLE 2~L Global Resource Estimates for 
Conventional Oil and Natural Gas 

accumulations. More recent estimates of the endow- 
ment include significant additional potential from 
unconventional resources. 

In most contemporary definitions, the primary dif- 
ferences between conventional and unconventional 
petroleum liquids are API gravity and viscosity, i.e., 
the density of the liquid and how easily it flows. For 
natural gas, the primary delimiter is the reservoir in 
which the accumulation is located. Viscosity is the 
basis of the following definitions: 

® Conventional Oil: Petroleum found in liquid form 
(with gravity of greater than 20'^API) flowing natu- 
rally or capable of being pumped at reservoir con- 
ditions without further processing or dilution. 

® Unconventional Oil: Heav}'^ oil, very heavy oil, oil 
sands, and tar sands (bitumen) are all currently 
considered unconventional oil resources. These 
compounds have a high viscosity, flow very slowly 


(if at all) and require processing or dilution to be 
produced through a well bore. 

• Continuous Resources: The USGS uses the term 
continuous resources to define those resources that 
may be economically produced but are not found 
in conventional reservoirs. Continuous accumu- 
lations are petroleum accumulations (oil or gas) 
that have large spatial dimensions and indistinctly 
defined boundaries, and which exist more or less 
independently of the water column. Because they 
may cover hundreds, or even thousands, of square 
miles, continuous accumulations may occur across 
a wide range of stratigraphic environments, each of 
which may have widely varying reservoir proper- 
ties. Or they may exist in their source rock, never 
hawng migrated into a carrier bed or reservoir. 

Table 2-2 provides global resource estimates for 
various types of unconventional oil and gas. 

Previous Estimates — Results, Methodology, 
Differences, and Challenges 

Many organizations conduct endowment and 
resource estimates, for a variety of purposes and with 
varying methodologies. Figures 2-6 and 2-7 show 
various global conventional oil and gas endowment 
estimates plotted against the date of the assess- 
ment. Most estimates before 1958 were relatively low, 
smaller than 2 trillion barrels of oil. Since 1958, both 
the number and range of estimates have grown. 



Sources: Oil - BGR (Bundesanstait fCir Geowis,senschaften 
und Rohstoffe {Federal Institute for Geosciences and Natural 
Resources}) Reserven, Ressourcen undVerfugbarkeitvon 
Energierohstoffen lAmilabiliJy of Energy Resentes and Resources 
i998/, Germany. 1998. Natural Gas -Rogner, H-H., "World Energy 
Assessment - Energy and the Challenge of Sustainability,” United 
Nations Development Programme. 2000. 

TABLE 2-2. Global Resource Estimates for 
Unconventional Oil and Natura( Gas 
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Resource estimates as seen in Figures 2-6 and 2-7 are 
snapshots in time, lliey represent only what has been 
assessed: particular parts of the worid {basins, plays, 
regions, or countries): specific commodities (oil, natural 
gas, conventional, unconventional): and data available 
at the time. Assessing additional types of resources or 
additional parts of the world can gready change the esti- 
mates. Resource estimates are one basis of forecasting. 
Other important factors and risks can also significantly 
shape forecasted production profiles over time. 

Finally, comprehensive assessments built firom global, 
detailed geological studies are very limited. While the 
uses survey of resources in 2000 is the most compre- 
hensive U.S. agency assessment and the basis of many 
forecasts, the strategic importance of endowment and 
resource estimates emphasize the ongoing need for com- 
prehensive, up-to-date data. For a detailed discussion of 
the hydrocarbon resource endowment, see the Endow- 
rneni Paper on the CD included with the report. 

Primary Energy Mix 

Energy forecasts generally show that fossil fuels will 
dominate the total energy mix, although their share may 
decline from today’s 85 percent to slightly more than 75 
percent in 2030. In several forecasts, gas and coal are 
expected to increase their share. Oil’s share of the total 
primary energy mix is generally forecast to decrease, 
even as absolute oil volumes grow, principally for trans- 
portation use. While renewable energy, gas-to-liquids, 
coal-to-liquids, and coal-to-gas grow rapidly from a low 
base, they remain a smaller share of the energy mix in 
2030. In any case, the enormous scale of global energy 
means that a prospective 10 percent decline in fossil fuel 
share will require a major reallocation of investment, 
infrastructure, and technical effort. 

Historical Energy Consumption 

Figure 2-8 shows that global primary energy con- 
sumption has grown just over 2 percent per year since 
1980. U.S. primary energy consumption has grown 
just over 1 percent per year since 1980, as shown in 
Figure 2-9. Most demand forecasts include historical 
energy mix and consumption patterns as inputs to 
their projections. 

Projected Energy Consumption 

Energy forecasts are typically based on macro-eco- 
nomic inputs and historical factors that drive global 
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energy consumption. Reference Cases generally use 
business-as-usual assumptions that do not consider 
(1) potential global supply disruptions resulting from 
geopolitical events, (2) technology breakthroughs 
that could substantially enhance supply or reduce 
demand, and (3) significant shifts in energy policies. 
In addition, most outlooks make separate forecasts for 
various scenarios that would materially change out- 
comes, such as carbon constraints or significant price 
changes. The Energy' Demand chapter of this report 
provides an extensive discussion of demand outlooks 
that supplements the summary in this section. 

Fossil fuels are projected to dominate the total 
global energy mix, contributing approximately 75 per- 
cent of global energy supplies in 2030 compared with 
some 85 percent today (Figure 2-10). Most business- 
as-usual outlooks show that total energy demand in 
2030 will be 40 to 70 percent higher than the 2005 
level of 425 quadrillion Btu. These forecasts assume 
the global fossil energy system will provide supply 
and infrastructure required to meet the increased 
demand. 

Outlooks that assume no further restrictions on 
carbon dioxide emissions generally do not include 
significant carbon capture and sequestration (CCS). 
These forecasts show a significant increase in global 
carbon dioxide emissions by 2030. In the case of car- 
bon-constrained energy use, projected reduction in 
carbon dioxide emissions is achieved through reduced 
energy consumption, fuel switching, and carbon cap- 
ture and sequestration. 

Gas and coal are generally expected to increase 
their share of the total primary energy mbc, while the 
oil share continues to decrease even as oil volumes in 
most cases continue to grow. Figure 2-11 projects four 
EIA and lEA cases for global energy consumption to 
2030. Crude oil continues its trend towards becoming 
primarily a source of transportation fuels. Renewable 
energy, as well as gas-to-liquids, coal-to-liquids, and 
coal-to-gas grow rapidly from a low base, but their 
shares of the total mix remain relatively small. 

Carbon constraints without nuclear energy and 
CCS increase the demand for natural gas. However, 
in some carbon-constrained cases, nuclear power 
increases substantially as a share of total energy, 
although it remains flat in reference forecasts. The 
biomass share of total energy expands dramatically 
in several constrained cases, with the biggest impacts 
occurring after 2030. 
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Source; BP Statistical Review of World Energy 2007. 


FIGURE 2-8. Global Primary Energy Consumption, 1980-2006 
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Source: BP Statistical Review of World Energy 2007. 


FIGURE2-9. U.S. Primary Energy Consumption, J980-2006 
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Source: International Energy Agency, 
World Energy Outlook 2006. 


FIGURE 2' 10. Global Energy Consumption Shares 
in 2005 


Oi! and Natural Gas Supply 

Oil 

Total energy supply forecasts are vdde-ranging, 
based largely on variations in oil demand outlooks 
and differing views on the deliverability of oil. Some 
views of future oil production consider lower limits 
on the available recoverable oil resource while oth- 
ers eictrapolate historical successes in expanding the 
recoverable resource base. Current endowment and 
resource assessments for both oil and gas indicate 
large in-place volumes and development potential. 
The gas resource base is more than adequate to meet 
the increased gas production typically anticipated 
by energy outlooks over the study period. However, 
this will require replacing 50 percent of existing gas 
reserves by 2030. 

There is more uncertainty about the capacity of the 
oil resource base to sustain growing production rates. 
The uncertainty is based on (1) the rate and timing 
at which significant quantities of unconventional oil 
enter the supply mix, and (2) the ability of the oil indus- 
try to overcome growing supply-development risks. 



1980 1990 2000 2010 2020 2030 

YEAR 

Sources: Internationa! Energy Agency (lEA) World Energy Outlook 200ft' 

and Energy Information Administration (EIA) International Energy Outlook 2006. 


FIGURE2-1L Projected Global Energy Consumption 
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The finite nature of the oil endowment and the 
prospect that production will reach a peak and even- 
tually decline contribute to the debate about oil sup- 
ply. The timing of the decline is subject to interpreta- 
tion because: 

* The underlying decline rate in currently producing 
fields is not universally well-reported. Many observ- 
ers think that 80 percent of existing oil production 
will need to be replaced by 2030 — in addition to 
the volumes required to meet growing demand. 
Figure 2-12 is an illustrative example showing vari- 
ous components of total liquids supply as depicted 
in the lEA World Energy Outlook 2004. Resource 
components such as existing production capacity, 
booked reserves, enhanced oil recovery, etc., con- 
tribute to virtually all projections of liquids supply, 
although the combination and timing of compo- 
nents may differ. 

* Opinions differ about the world's estimated ulti- 
mately recoverable oil resource and whether fields 
can continue to increase production if more than 


half of today’s estimated ultimately recoverable 
resources (URR) has already been produced. 

• The increased cost of producing oil {both conven- 
tional and unconventional including alternative 
liquids) raises concerns about the timing and scale 
of major energy development. 

• Timing of development for alternative liquid sup- 
plies at scale is uncertain. 

Supply outlooks reflect uncertainty about oil sup- 
plies, at least partly based on recent difficulties in 
increasing production. Forecast global liquids pro- 
duction in 2030 ranges from less than 80 million to 
120 million barrels per day, compared with current 
daily production of approximately 84 million barrels. 

Conventional oil is forecast to contribute the larg- 
est share of global liquid supply, principaUy through 
increased production in Saudi Arabia, Russia, Venezu- 
ela, Iran, and Iraq. Unconventional oil such as Cana- 
dian and Venezuelan heavy oil and U.S. oil shale is also 
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FIGURE 2-12. Illustrative Total Liquids Supply 


Source; lEA, World Energy Outlook 2004. 
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likely to play a growing role in liquids supply. How- 
ever, most forecasts project that unconventional oil, 
together with coal-to-liquids (CTL) and gas-to-Iiquids 
(GTL), is unlikely to exceed 10 million barrels per day 
globally by 2030. 

Natural Gas 

Most outlooks project that natural gas production 
to 2030 will grow faster than it has historically, rang- 
ing from 400 billion to 500 billion cubic feet per day. 
The EIA high-production cases, for example, are at 
the upper end of the range, with a projected doubling 
of production from today’s 250+ billion cubic feet per 
day. Figure 2-13 shows the EIA and lEA projections 
for natural gas production. 

While there is some concern about the gas resource 
base relative to projected demand growth, most out- 
looks consider it more than adequate to meet demand. 
However, nearly two-thirds of natural gas resources 
are concentrated in four countries, Russia, Qatar. Iran, 
and Saudi Arabia, which are projected to show the big- 
gest growth in production. Since these countries are 
relatively distant from likely consuming regions, global 
gas supply chains will be needed to connect produc- 


ers and markets — similar to the trading system that has 
been developed over decades for oil. In North Amer- 
ica, major new additions to gas resources are possible, 
given expansion of unconventional U.S. gas production 
and development of infrastructure to transport Arctic 
gas. Generally, production growth in resource-owning 
countries, creation of a global gas supply chain, and 
very large infrastructure investments are all elements 
of risk in matching projected gas supply to demand. 

Coal 

The global coal endowment is considerably larger 
than either the oil or gas endowment, with only a small 
portion of the resource base having been produced to 
date. The United States, Russia, China, India, and Aus- 
tralia hold over three quarters of the world’s proved 
coal reserves. As other fossil fuels become relatively 
more costly or difficult to secure, these large resource 
owners may increase domestic coal production and 
use. However, the same constraints that apply to 
other resources may also apply to coal development 
globally and in the United States: 

• Environmental constraints including carbon man- 
agement, water use, land use. and waste disposal. 



Sources: Energy Information Administration (EIA), International Energy Outlook 2006; Internationa! Energy Agency (lEA), 
World Energy Outlook 2006; and BP Statistical Review of IVorW Energy 2006. 


FIGURE 2-13. Projected Globed Natural Gas Production 
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® Limits on transport and delivery infrastructure 

development within local markets. 

These environmental and infrastructure limitations 
are potentially more severe for coal than for other 
conventional fossil fuels. 

Business-as-usual energy outlooks, without signifi- 
cant environmental constraints, generally show a 50 to 
60 percent increase in global coal production between 
2005 and 2030. Most coal production growth will occur 
in rapidly ejqjanding Asian economies, with China and 
India accounting for nearly 80 percent of the annual 
increment. Figure 2-14 shows projected growth in coal 
production in business-as-usual cases without carbon 
constraints. 

In alternative policy/carbon constrained cases that 
do not consider carbon CCS, coal production is gen- 
erally flat-to-declining from today’s levels, as energy 
demand is met by fuels with a lower carbon impact. 
Where CCS is considered, the balance between growth 
in natural gas demand, biomass energy sources, and 
coal provides for growth in coal production and use. 

Most technology development for new uses of 
coal, such as coal-to-liquids and CCS, addresses the 


technical, environmental, and economic barriers 
to increasing coal use. The delivery infrastructure 
needed for expanding coal use appears to receive 
less attention. 

Biomass 

Biomass refers to wood, cultivated crops, or natural 
vegetation that potentially can be converted to energy. 
As with coal, biomass is an abundant, indigenous 
resource for the United States and some other major 
centers of energy demand. Accordingly, biomass 
could be seen as an important option to reduce risks 
related to supply security. First-generation biomass 
conversion to fuels has been based on crops such as 
sugarcane, corn, and soybeans, which are also food 
sources, giving rise to concerns about crop competi- 
tion among food, animal feed, and fuel use. Second- 
generation conversion technologies such as cellulosic 
ethanol seek to address these concerns by using plant 
waste as a feedstock. See the Biomass section later 
in this chapter for a discussion of potential sources of 
biomavss energy. 

Numerous studies have ^sessed the potential of 
agriculture to produce both energy and food for the 



Sources: European Commission, World Energy Technology Outlook 2050 (EC WETO), 2006; 
and international Energy Agency (lEA), World Energy Outlook 2006. 


FIGURE 2-14. Projected Growth in Global Coal Production without Carbon Constraints, 2010 to 2030 
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world. While conclusions vary, most estimate that 250 
to 500 exajoules (approximately 238 to 476 quadril- 
lion Btu) of biomass energy could be produced while 
still feeding a growing global population. These esti- 
mates represent a potentially substantial contribution 
to a 2030 global energy demand projected at about 
740 exajoules, or 702 quadrillion Btu, in the ElA Inter- 
national Energy Outlook 2007 (lEO 2007) Reference 
Case. Meeting both food and large-scale fuel demand 
would require successfully developing and deploying 
second-generation crop production and conversion 
technology. Most business-as-usual forecasts (EIA, 
lEA, European Commission, and aggregated propri- 
etary outlooks) surest that biomass will meet 5 to 10 
percent of total energy demand in 2030, comprising 
less than 5 million barrels per day of total global liquids 
production. Other forecasts that are not business as 
usual show substantially higher biofuels production. 

As with any large-scale energy source, technical, 
logistical, and market requirements will need to be 
met for biofuels to achieve their potential. Milestones 
along this development path will include: investments 
in rail, waterway, and pipeline transportation; scale-up 
of ethanol distribution; and technology deployment 
for cellulosic ethanol conversion. The time frames 


required in many cases to move technology from con- 
cept to fidl-scale application may make such sources 
available only later in the outlook period. For a detailed 
discussion of biomass, see the E^ioniass Topic F*aper on 
the CD included with the report. 

Nuclear 

Nuclear power faces unique controversy based on 
concerns about safety, security, and management of 
the nuclear fuel and waste cycle. In addition, the capi- 
tal intensity of nuclear generation increases the risk 
profile for investors. Accordingly, nuclear power’s cur- 
rent 5 to 6 percent of the total energy mix is not pro- 
jected to increase over the study timeframe, unless 
nuclear generation is promoted for policy objectives 
such as limiting carbon dioxide emissions or enhanc- 
ing energy security. Figure 2-15 shows projected global 
growth in the installed nuclear power base. 

Non-Bio Renewables 

Hydroelectric generation has historically been the 
dominant non-bio source of renewable energy, pro- 
viding vast amounts of electricity at very low marginal 



POLICY 

Sources; Energy Information Administration (EIA), International Energy Outlook 2006; 
and International Energy Agency (lEA), World Energy Outlook 2006. 


FIGURE 2-15. Projected Global Installed Nuclear Power Base 
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cost of production. Most hydroelectric resourceshave 
been tapped in industrialized nations, whUe there 
may be limited additional opportunities in industrial- 
izing and economically developing nations. Wind and 
solar energy, which have shown significant growth in 
recent decades, are forecasted to grow several times 
faster than overall energy demand, starting at their 
current base of less than 2 percent of global energy 
supply Geothermal presents more limited opportu- 
nities for new supplies and is not expected to outpace 
global energy supply growth. 

Non-bio alternative and renewable energy sources 
require unique technolo^es that tap natural enei^ 
flows in different ways. Collectively, however, they have 
several common characteristics, in addition to mainly 
producing power rather than fuels: (1) high initial capi- 
tal costs of construction or fabrication and installation; 
(2) low operating costs and minimal fuel or feedstock 
expenses; and (3) possible economies of scale that have 
not been fully developed. Some of these technologies 
require energy storage solutions to offset highly variable 
power production rates. As costs have risen for devel- 
oping and converting fossil resources to power and fuel, 
non-fossil options have become more economically 
competitive and attractive for their potential renew- 
able and environmental benefits. However, lai^e-scale 
development of these energy options raises concerns 
about their potential ecolo^cal impacts. 

Most forecasts of future energy supplies suggest 
that the total contribution from new renewable and 
alternative energy sources will remain small for the 
next two decades rince they start from a relatively 
small base. Although the potential contribution of 
solar and wind power, waves, tides, and geothermal 
energy is vast, the economic cost of harnessing most 
of these sources at scale has been high, relative to 
other sources such as fossil fuels, hydro, and nuclear. 
However, the cost differential continues to decline. As 
with any energy source, resolution of ecological, tech- 
nical, and commercial issues will favor some technol- 
ogies rather than others. 

Energy Conversion and 
Delivery Infrastructure 

Finding and developing resources are two steps in 
the energy supply chain. Converting the resources to 
usable products and delivering them to consumers are 
equally essential steps that rely heavily on conversion, 
storage, and transportation infrastructure. However, 


the total requirements for new infrastructure to 2030 
are difficult to assess with any certainty, since energy 
outlooks generally do not directly account for infra- 
structure development. 

Energy outlooks typically assume supply infra- 
structure for any energy source will be built if it is 
economically viable, vrithout regard to potential 
constraints on financing, permitting, and building. 
In addition to these potential constraints, the United 
States faces the Issue of maintaining its refining and 
manufacturing capability, a contentious problem 
familiar in other industrial sectors. New energy 
sources will add their own infrastructure demands. 
Finally, much of the projected increase in global oil 
and gas trade is likely to move through narrow sea 
lanes, raising a security challenge for this part of the 
transportation system. Taken together, infrastruc- 
ture issues add additional, often unrecognized, risks 
to prospective energy supply. 

ANALYSIS OF ENERGY OUTLOOKS 
Oil and Other Liquids 

Key Observations — Oil and Other Liquids 

• While crude oil will remain a primary energy source 
throughout the study time frame and beyond, the 
capacity of the production and delivery system to 
increase supply is subject to multiple, increasingrisks. 

• The global in-place oil endowment is very large, but 
the recoverable resource and the rate at which it can 
be produced are subject to considerable uncertain ty. 
Forecasted oil production rates vary widely: some 
rely heavily on OPEC to meet rising demand; oth- 
ers on contributions from unconventional oil and 
alternative liquids; a third set of forecasts project a 
production plateau or peak. 

• As productionfrom existing oil fields declines, future 
oil supply is likely to rely increasingly on: 

- Growth from existing accumulations through use 
of new technology, better knowledge of reservoir 
characteristics, or enhanced oil recovery 

- Production of unconventional resources such as 
oil sands or oil shale 

- Exploration discoveries, many from new frontiers 
such as the Arctic and ultra-deepwater 

- Conventional oil from hydrocarbon provinces 
where access is currently restricted. 
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Alternative liquids such as biofuels, gas-to-liquids, 
and coal-to-liquids will also contribute materially 
to fuel supply. 

* U.S. oil production is generally projected to rise 
modestly, at best, or decline somewhat during the 
study time frame. With limited growth from con- 
ventional oil sources, the ability to meet expected 
demand growth will rely increasingly on heavier and 
unconventional domestic supplies, ultra-deepwater 
basins, and alternative fuels.^ 

® Few projections of domestic supply assume changes 
in access to U.S. onshore and ojfshore basins cur- 
rently under drilling moratoria or subject to signifi- 
cant development restrictions. The time required to 
explore and develop newly released areas means that 
production from theseareas would appear only later 
in the study timeframe. 

« Oil production growth after 2015 appears subject to 
increasing risks as both subsurface and above ground 
issues become more challenging. The risks include: 

- Production declines of many of the world's matur- 
ingfields 

- Increasingly restricted access to resources 

Unprecedented investment requirements under 
uncertain fiscal regimes. 

The risk of not meeting forecasted demand over the 
study timeframe also increases dramatically with- 
out sustained technology development and the pur- 
suit of all economically viable fossil and alternative 
liquid fuel sources. 

Crude Oil Endowment 

Ancient biomass was converted to oil over millions 
of years as it was exposed to high temperature and high 
pressure deep in sedimentary layers. Migration of the 
oil from source rocks into porous formations at acces- 
sible depths in the earth's crust creates the opportunity 
to locate and produce oil from this endowment. 

The global conventional and unconventional oil 
in place endowment has been variously estimated at 
13 trillion to 15 trillion barrels. These barrels represent 
the estimated total volume of liquid hydrocarbons 

3 The U.S. Energy Information Administration defines convention- 
al production to include crude oil (including lease condensates), 
naturtd gas plant liquids, other hydrogen and hydrocarbons 
for refinery feedstocks, alcohol and other sources, and lefin^ 
gains. Unconventional production indude,s liquids produced 
from energy crops, natural gas, coal, oil sands, and shale. 
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generated and retained in geologic formations over 
time. Since oil generates very slowly, the current 
endowment is relatively fixed and is considered a non- 
renewable resource. 

Recoverable resources are the portion of the estimated 
in-place endowment thought to be technically recover- 
able from their geologic setting. Recoverable resource 
assessments have generally grown as new technology, 
or political and economic factors, made more of the in- 
place endowment recoverable. Based on geological and 
geophysical data, these assessments require judgments 
about finding and development costs, extraction effi- 
ciencies, oil prices, and other factors. Generally, about 
one-third of the oil in place is currently assumed to be 
ultimately recoverable. Hiis assumption yields an esti- 
mated 4.5 trillion barrels or more of conventional and 
unconventional ultimately recoverable oil. 

Unconventional Oil Endowment 
and Resource Development 

The global endowment of unconventional oil in 
place is large, as much as 7 trillion barrels (Figure 2-16). 
Recovery factors vary widely but are expected to be 
lower than for conventional oil diie to technical chal- 
lenges and huge capital requirements associated with 
extraction. Current public and proprietary assess- 
ments of URR are similar: 1.5 trillion barrels estimated 
by Bundesanstalt fur Geowissenschaften und Rohst- 
offe (BGR) and an average 1.7 trillion barrels estimated 
by lOCs. The estimates are uncertEun, but likely to grow 
as new technologies emerge. Development of heavy 
oil and oil shale has lagged that of conventional oil 
because it is more expensive and technically difficult to 
bring liquids on-line from these sources. Nonetheless, 
unconventional oil will likely play an increasing role in 
meeting future energy needs. 

Unconventional oil has a much different global dis- 
tribution than conventional oil. Veryheavy oil in Ven- 
ezuela, oil sands in Canada, and oil shale in the United 
States account for more than 80 percent of unconven- 
tional resources, while conventional oil resources are 
mainly in the Middle East, West Africa, and Russia. 
Factors that particularly affect unconventional sup- 
plies include technology development, environmen- 
tal impact, geopolitical climate, capital and operating 
costs, and material and human resource availability. 
Uncertainty about each of these factors is a major 
consideration in projecting future energy supply. 
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FIGURE 2-16. Global Unconventional Oil Endowment 


Conventional Oil Endowment 
and Resource Development 

Conventional oil and natural gas liquids have his- 
torically received the greatest development atten- 
tion. The lEA estimates between 6 and 7 trillion bar- 
rels of conventional oil and NGL in place, while other 
estimates are somewhat higher (Figure 2-17). About 
1 trillion barrels of the conventional oil endowment 
have been produced since the late 19th century. 

The uses assessment published in 2000 is one of 
the few comprehensive, publicly available resource 
assessments for conventional oil. Many outlooks 
provided to thixS study include USGS estimates in 
their projections after adjusting to reflect newer 
or proprietary information. For example, EIA will 
routinely adjust estimated recoverable resources to 
reflect cumulative production or evolving knowledge 
that has not been included in USG.S assessments. 

The USGS mean estimate of ultimately recoverable 
global conventional oil plus NGL is 3.345 trillion bar- 
rels at the beginning of 1996. The estimates range 
from 2.5 to 4.4 trillion barrels, expressed in statistical 
terms as P95 and P5 estimates, respectively. P95 refers 
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to a 95 percent probability that the resource size will 
exceed the estimate, P5 indicates a 5 percent prob- 
ability that the resource size exceeds the estimate. By 
comparison, lOCs responding to the NPC data survey 
provided an average projection of 3.5 trillion barrels. 
The IOC most-likely estimates for ultimately recover- 
able global conventional oil range from 2.8 to 4.0 tril- 
lion barrels. While the USGS and proprietary ranges 
are statistically different, Figure 2-18 allows approxi- 
mate comparison. 

After taking into account the approximately 1.0 
trillion barrels that have been produced to date, 
the estimated USGS range of remaining, ultimately 
recoverable global conventional oil and NGL is 1.5 
to 3.4 trillion barrels. A higher URR for conven- 
tional oil and NGL would sustain oil production 
growth for a longer time or faster rate, assuming 
adequate investment and access to the resources. 
However, the opposite is true if the actual URR is at 
the lower end of the range. This uncertainty, com- 
bined with above-ground risks that could hinder 
production, fuels the debate about supply outlooks 
and has a material impact on policy and investment 
decisions. 
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Reserve Growth and Undiscovered Resources are two 
categories of the USGS 2000 assessment with greatest 
uncertainty. Reserve Growth refers to the increase in 
reserves in oilfields. Reserve Growth typically occurs 
through improved knowledge about the field’s pro- 
ductive potential and application of new technology. 
Reserve Growth accounted for 0.7 trillion barrels of the 
USGS mean estimated URR at the beginning of 1996. 
Growth in fields discovered before 1995 added about 
65 percent of this volume to proved reserves from 
1995 to 2004.'’ Reserve Growth often requires signifi- 
cant additional capital and energy input, especially 
as recovery factors are increased through enhanced 
recovery processes. 

Undiscovered Resources accounted for an. addi- 
tional 0.9 trillion barrels in the USGS mean case at the 
beginning of 1996. Only 18 percent of this estimated 
volume, or about 17 billion barrels per year, has been 
discovered through exploration in the decade follow- 
ing,'’ Exploration discoveries have shown a declining 
trend over the past several decades, pardy as a result 


4 K. ChewandRH. Stark, "Perspectives on Oil Resource Estlniates," 
IHS Energy -2006. 

5 Ibid. 


of restricted access to promising hydrocarbon prov- 
inces. Significant technology advances, access to 
une:q)iored basins, or discovery of very significant 
fields will be necessary to replace produced resources 
over the study time frame. 

Discovered Remaining Reserves is the portion of URR 
that is technically and economically producible in the 
future under current technical and economic condi- 
tions. The BP Statistical Review 2006 estimates that 
Remaining Reserves grew from 0.9 to 1.2 trillion barrels 
from 1996-2005, primarily throu^ reserve additions to 
fields discovered before 1995. The current estimate of 
reserves is one indicator of how much oil production 
capacity could be developed in the near to medium 
term. The quality of reserve additions and undis- 
closed estimating methods for countries that hold 
most remaining reserves are significant uncertainties 
In making supply forecasts. 

Globally, conventional oil reserves are concentrated 
in the Middle East (Figure 2-19). The seven countries 
with the largest conventional oil reserves account for 
more than 70 percent of the world total. Saudi Ara- 
bia holds approximately 20 percent of conventional 
reserves, equal to 75 years of production at 2005 rates. 



EMIRATES 


Source: NPC Survey of Outlooks. 

FIGURE2’19. Large Holders of Discovered Remaining Reserves 
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The United States has 31 billion barrels of reserves, 
16 years of production at 2005 rates. The estimated 
life of remaining reserves was calculated by dividing 
reserves numbers provided to the NPC study by the 
2005 production volumes reported in EIA lEO 2007. 

The reserves-to-production (R/P) ratio is often used 
to describe how effectively a country or region has 
developed oil resources that are currently economi- 
caUy and technically recoverable. High ratios may 
indicate opportunities for further development and 
additional rate capacity. Low ratios may indicate that 
a country has fully developed its available accumula- 
dons and production is in decline. Alternately, lowR/P 
ratios may mean that known accumulations have not 
been fully delineated in order to add them to more cer- 
tain reserve classifications. The R/P ratio does not by 
itself indicate remaining production capacity in a field 
or region. Investment and technology often allow R/P 


ratios to remain stable over many years even as annual 
production rates remain unchanged or increase. 

Esdmates of remaining reserves are not adequate 
indicators of how much oil remains to be produced 
under hiture conditions or potential long-term pro- 
duction capacity. The additional components of URR 
should be considered for these purposes. Resource size 
will determine how much oil is likely to be produced in 
the long term, while the distribution and nature of the 
oil will determine the likely production rate. 

Global Total Liquids Production 

Conventional oil will remain the largest source for 
liquid fuel supply in the near to intermediate term, 
with forecasts almost unanimously predicting at least 
modest growth in conventional oil supply for the next 
5 to 10 years. However, there are ^eat uncertainties 
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FIGURE 2-20. Projected Globalatid OPEC Total Liquids Production 
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about long-term forecasts of oil and total liquid pro- 
duction rates, ranging from business-as-usual cases 
that show few constraints, to alternative scenarios 
constrained by tbe resource base, environmental 
concerns, or geopolitical issues. 

The EIA lEO 2007 Reference Case projects total liq- 
uids production of 118 million barrels per day (MB/D) 
in 2030, with similar estimates in the lEA Reference 
Case (116 MB/D), the IOC Average (107 MB/D), and 
Consultant Average (115 MB/D). Higher and lower 
forecasts include: 

® EIA lEO 2007 Low Price: 134 MB/D 
* EIA TEO 2007 High Price: 103 MB/D 

« Peak Oil Netherlands and Association for the Study 

of Peak Oil (ASPO) - France: 78-88 MB/D. 

The lower production figures in specific cases are 
driven by carbon constraints, investment constraints, 
higher oil prices, geological challenges, or other issues. 
The highest demand projections for 2030 assume favor- 
able development policies in resource-holding coun- 
tries, technology advances, investment, infrastructure, 
project completion, and personnel. 

Several projections in Figure 2-20 show that total liq- 
uids pro duction may not increase after 20 15. The low- 
est total liquids forecasts in 2030 are consistent with a 
URR at the low end of the USGS range and constraints 
to developing the conventionai oil resource base or 
alternatives. This set of forecasts projects that liquids 
production will reach a maximum within the study 
time frame, although the precise date is uncertain. 

Forecasts for declining production are based on 
various above- and below-ground factors, including: 
declines in volumes discovered; conventional oil pro- 
duction peaks and subsequent declines in countries 
such as the United States atrd the United Kingdom; and 
anticipated oil production plateaus in countries such as 
Russia and China. The discussion of peak oil forecasts 
later in this chapter considers these views more fully. 

The production rate for unconventional oil is an 
additional uncertainty in projected total liquids sup- 
ply. In the EIA lEO 2007 Reference Case, for example, 
Canadian oil sands and Venezuelan heavy oUs supply 
5.2 MB/D in 2030, assuming sustained investment in 
development. Forecasts that include constraints on 
development project lower supplies from imconven- 
tional sources (Figures 2-21 and 2-22). 


Conventional Oil Production 

AH forecasts project that a few countries, where 
resources are concentrated, will supply most conven- 
tional oil, although specific contributions vary. Geo- 
graphic concentration generally creates more imcer- 
tainty in supply availability or deliverability due to 
infrastructure, resource, and geopolitical risks; increases 
the market power of resource holders; and enhances the 
global role of national oil companies (NOCs). 

The EIA and lEA have somewhat different views 
on the balance of conventional oil supply between 
OPEC and non-OPEC countries (Figure 2-23). The 
lEA expects non-OPEC conventional oil production to 
decline after 2015, with OPEC increasing its share of 
conventional oil production from 42 percent in 2005 to 
52 percent in 2030. The EIA projects that non-OPEC 
conventional oil production (including Angola) will 
increase through 2030. In the EIA lEO 2007 Reference 
Case, OPEC is expected to increase production to meet 
growing demand, but its share of conventional oil pro- 
duction will only rise to 47 percent. 

Non-OPEC Production 

Estimates for non-OPEC total liquids production 
vary significantly. Some forecasts indicate that produc- 
tion of non-OPEC conventional oil vrill decline in the 
next decade. Other forecasts show production growth 
throu^ 2030 (Figures 2-24 and 2-25). In the EIA lEO 
2007 Reference Case, non-OPEC output rises through 
2030. Russia and other Caspian region producers 
provide about half the increase. Angola is included 
in non-OPEC production, since most forecasts were 
completed before it joined OPEC. 

By comparison, the IOC Average and all peak oil 
cases show that non-OPEC production peaks within 
the outlook period. The lEAWEO 2006 Reference Case 
shows that non-OPEC production may not grow after 
2010 due to hi^ decline rates of currently producing 
fields and rising costs. The lEA Reference Case also 
shows that only Russia, Centra! Asia, and Latin Amer- 
ica achieve significant increases in conventional oil 
production through 2030. 

U.S. Production 

The United States is the third-laigest oil producing 
country in the world, after Saudi Arabia and Russia. 
The United States produced 5.2 MB/D of conventional 
crude oil in 2005, but its production is at best rising 
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FIGURE 2-21. Projected Global Total Liquids Production 
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FIGURE 2-23, OPEC and Non- OPEC Total Liquids Production Shares, 2005-2030 


slightly in absolute terms while declining as a share of 
domestic demand. This production volume is a subset 
of the conventional production shown in Figure 2-26. 
Total conventional production is comprised of crude oU, 
including lease condensates, natural gas plant liquids, 
other hydrogen ^d hydrocarbons for refinery feed- 
stocks, alcohol and other sources, and refinery gains. 

Existing fields, which are maturing onshore and 
offshore, in Alaska and the lower'48 states, are gener- 
ally not seen as having the potential to reverse exist- 
ing declines. The EIA Annual Energy Outlook 2007 
(AEO 2007) includes cases showing U.S. conventional 
crude oil production ranging between 5.25 MB/D and 
6.04 MB/D in 2030, An AEO 2007 case that simulated 
access to the Arctic National Wildlife Refuge (ANWR) 
sees U.S. crude oil production rising to 6.03 MB/D in 
2030, which is about 0.8 MB/D higher than the 2005 
rate. By comparison, the lEA Reference Case forecasts 
U.S. production dropping about 1 MB/D by 2030. 

Increasing domestic total liquids production more 
than marginally would depend on access to basins that 
have both substantial undeveloped liquid resources 

f 116 


and exploration potential and a significant contribu- 
tion from unconventional oil. Access issues are dis- 
cussed later in this report. Figure 2-26 shows how 
substantial production from unconventional sources 
would affect North American oil imports. Unconven- 
tional production is greatest in the EIA High Oil Price 
case, where imports in all years are below the 2005 
level. 

Production from Other Laige Non-OPEC Countries 

Of the other large non-OPEC producers, Russia will be 
a critical supply source. All forecasts show Russian pro- 
duction rates increasing from Just under 10 MB/D cur- 
rently to a range of 1 1 to 13 MB/D by 2030 (Figure 2-27). 

Production from two primary sources of U.S. sup- 
ply, Mexico and Canada, could be headed in opposite 
directions. Future Mexican production (Figure 2-28) 
is uncertain. Some forecasts see modest increases, 
despite recent production declines at a major field. 
Other forecasts, including the EIA lEO 2007, indicate 
lower Mexican production in 2015 and 2030 than in 
2005. Conventional oil production from Canada is not 
expected to be material, but expanded development 
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FIGURE 2-24. Projected Non-OPEC Total Liquids Production 
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FIGURE 2-25. Non- OPEC Total Liquids Production — Proprietary Aggregated Cases 
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Note: IOC = International Oil Companies; CONS. = Consultants; and PROP. = Proprietary. 
Source: NPC Survey of Outlooks. 


FIGURE 2-27. Russian Total Liquids Production Outlooks 
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FIGURE 2-28. Mexican Tbtal Liquids Production Outlooks 
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of Canadian oil sands is forecast to bring considerable 
unconventional production into North American sup- 
ply (Figure 2-29). 

OPEC OIJ Production (Excluding Angola) 

Almost all long-term forecasts expect production to 
increase rapidly in OPEC countries. This is espedally 
true of the Middle East, where resources are much 
larger and production costs generally lower than in 
other regions. Several forecasts suggest that OPEC is 
capable of raising total liquids production by 20 MB/D 
above present levels. The IOC Average case forecasts 
OPEC production at about 44 MB/D by 2030. The EIA 
lEO 2007 Reference Case, excluding Angola, projects 
53 MB/D. The lEA Reference and Consultant Average 
cases indicate OPEC production above 50 to 55 MB/D 
(Figures 2-30 and 2-31). The range of projected OPEC 
total liquids production, relative to projected global 
production is shown in Figure 2-32. 

Saudi Arabia continues to be the largest OPEC pro- 
ducer in every forecast. The lEA assigns the kingdom 
a vital role in supplying the global oil market. The lEA 
WEO 2004 considers timely Saudi Arabian investment 
in oil-production capacity to be a major determinant 


of hiture supply trends. Saudi Arabian production in 
the lEAcase rises from 10.6 MB/D of conventional oil 
andNGL to 17,3 MB/D by 2030, As Figure 2-33 shows, 
the lEA has the highest forecast for Saudi Arabia’s total 
liquids production in 2030. 

In addition to projected Saudi Arabian production, 
significant conventional oil production increases from 
Iraq, Iran, Venezuela, and Nigeria will be needed to 
meet projected global demand in 2030. Among these 
producers, the near-term prospects for oU produc- 
tion in Iraq remain very uncertain. Nonetheless, the 
projected production increases for 2015 differ by a 
relatively small 0.5 MB/D, from 0.9 to 1.4 MB/D more 
than in 2005. By 2030, the difference between forecasts 
expands to 2.3 MB/D. lEA projects Iraqi production as 
growing to 6 MB/D in 2030, double its current share of 
OPEC conventional oil production. (Figure 2-34) 

Forecasts show a wide range for total Iranian liquids 
production. The difference between production fore- 
casts for 2015 is 1,5 MB/D, vrith some showing a drop 
in production and others shovring flat production, or 
growth of almost 1 MB/D. By 2030, the differences 
broaden to 1.6 MB/D, with the highest production 
forecast at more than 6 MB/D. (Figure 2-35) 
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FIGURE2-29. Canadian Total Liquids Production Outlook 
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FIGURE 2-30. Projected OPEC Total Liquids Production 
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FIGURE 2-31. Projected OPEC Total Liquids Production — Proprietary Aggregated Cases 
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FIGURE 2-32, Projected Global and OPEC Total Liquids Production 
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Unconventional Liquids Production 

Unconventional liquids are projected to grow to 
about 10 percent of total liquids production by 2030 
{Figure 2-36), The EIA lEO 2007 Reference Case 
.shows total unconventional liquids production above 
10 MB/D, with Canadian oil sands and Venezuelan 
heavy oil comprising the major part of the increase. 
Commercial considerations and the relative immaturity 
of production technologies for unconventional liquids 
lead to much uncertainty about the availability and tim- 
ing of these fuels. Oil sands projects in Alberta vrill be piv- 
otal to forecasted growth in Canadian total liquids pro- 
duction, if they overcome infrastructure, environmental, 
and cost challenges. While all forecasts expect growth, 
the range between them widens to 2 MB/D by 2030. 

Most forecasts project that Venezuelan production 
will increase from 2005 levels. Venezuela’s national oil 
company, Petroleos de Venezuela (PDVSA), projects the 
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highest growth, expecting to more than double its total 
liquids production capacity to 5.8 MB/D by 2012.® The 
lEA forecast, which is lower than PDVSA’s, expects new 
production from both extra-heavy oil projects in the 
Orinoco area and conventional oil fields. Forecasted 
production in 2015 compared to 2005 ranges from flat 
to an increase of 0.6 MB/D. Production in 2030 ranges 
from 0.5 to 2.3 MB/D more than in 2005. (Figure 2-37) 

The EIA Reference Case expects the remaining 
increase in unconventional liquids production to come 
mainlyfrom: biofiieisderivedfrom agricultural products 
(16 percent); gas-to-liquids (11 percent); and coal-to- 
liquids (23 percent). Indicative of this trend, the United 
States has announced a production goal for ethanol and 
other unconventional fuels of 2.3 MB/D by 2017, up 
from about 0.4 MB/D in 2006 and 0.5 MB/D in 2012. 


6 htTp://v.n4a¥.p<lv'sa.com/index-r>hp?lpi“iiUt'i1aci;.(^!!/de‘;icn/ 
hosne.tpl.httnl 
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Note: IOC = Internatronai Oil Companies; CONS. = Consultants; and PROP. = Proprietary. 
Source; NPC Survey of Outlooks. 


FIGURE 2-33. Projected Saudi Arabian Total Liquids Production 
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FIGURE 2-34. Projected Iraqi Touil Liquids Production 
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Note; IOC = international Oil Companies; CONS. = Consultants; and PROP. = Proprietary. 
Source: N PC Survey of Outlooks. 


FIGURE 2-35. Projected Iranian Total Liquids Production 



P UNCUlV VCIV i lUIVML 

» CONVENTIONAL OIL+NGLS+PROCESS GAINS 
Note: Units shown in million barrels per day. 

Source; NPC Survey of Outlooks. 


FIGURE 2-36. Projected Global Conventional and Unconventional Total Liquids Production 
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Note; iOC = international Ot! Companies; CONS. = Consultants; and PROP. = Proprietary. 
Source: NPC Survey of Outlooks. 


FIGURE 2-37. Projected Venezuelan Total Liquids Production 
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FIGURE 2-38. Projected Gas-to-Liquids Plant Capacity Based on Current Projects 
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Note: An X in any column means that the matter isprublcmcitK or open to question for that resource type or country 
TABLE 2-3. Oil Production Challenges 


GTL and CTL plants typically convert natural gas 
and coal to liquid fuels. The product is usually about 
70 percent ultra-clean diesel fuel and 25 percent 
naphtha for chemical feedstock. 

In the past ten years, several world-scale GTL 
plants have been developed or annoimced. However, 
given recent cost increases, several large projects {e.g., 
in Qatar) have been cancelled or postponed in 2006 


and 2007. All forecasts received for the study project 
that GTL will grow quickly from a very low base, but 
not enough to significantly affect oil product or natu- 
ral gas markets. Several estimates for GTL capacity 
growth show only 0.5 MB/D of GTL fuels being pro- 
duced worldwide through 2030, mainly clean diesel 
and naphtha (Figure 2-38). In this event, GTL would 
provide only about 1 percent of global middle distil- 
late fuel requirements. By comparison, EIA lEO 2007 


Facing die Hard Truths about Energy 




495 


shows stronger GTL production growth to 1.2 MB/D 
in 2030, with Qatar as the primary source. For furdier 
discussion, see the Gas-to-l,iqiiidsTopic Paper. 

For a further discussion of coal-to-Hquids, see the 
Coal section of this chapter and the Coai-to*Liquids 
l opic Paper on the CD that accompanies this report. 

Oil Supply Challenges 

The forecasts and data received for this study lead 
to the conclusion that oil supply increasingly faces 
ahove-ground challenges in addition to geological 
and technical hurdles. The challenges include access, 
geopolitics, investment requirements, commercial 
and trade regimes, infrastructure, and workforce 
availahility. Table 2-3 is a snapshot of above-ground 
challenges that affect the resource types and sources 
of projected oil supplies to 2030. The prospects are 
likely to be further complicated since the challenges 
change with place, resource, and time. 

Peak Oil 

Concerns about the reliability of production forecasts 
and estimates of recoverable oil resources are the basis of 


warnings about future oil supplies and the deliverability 
of oil. The concerns are compounded by the challenges 
some companies face in adding new reserves to replace 
those already produced. The warnings are strongly 
expressed in a set of forecasts known collectively as peak 
oil The term derives from die Hubbert’s Peak analysis of 
U.S. oil production written by M. King Hubbert. 

Peak oil forecasts project that oil supply will not 
grow significantly beyond current production lev- 
els and therefore may not keep pace with projected 
global demand: a peak and decline in oil production 
is inevitable and may be near-at-hand. The conclu- 
sions lead to calls to develop additional resources to 
increase supply, accelerate the use of unconventional 
resources as substitutes for oil, and moderate demand 
in order to bridge the forecast supply shortfalls. Such 
actions generally converge with the recommenda- 
tions of this study. 

The forecasts reviewed for this study that do not con- 
sider new policies such as carbon constraint show con- 
siderable agreement unlil2015 (Figure 2-39). After 2015, 
views about supply trends diverge, with peak oil fore- 
casts providing the lower bound. The divei^ent views 
of oil supply after 2015 fuel growing concern about the 
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deliverability of the resource base and the uncertainty 
regardir^ timing and volume of future supplies. 

Peak oil forecasts emphasize various physical limi- 
tations to raising production rates, including: reserve 
estimates that are lower than reference cases; limited 
future development opportunities; and insufficient 
volumes from unconventional production over the 
study time frame. These forecasts generally consider 
oil supply independently of demand and point to sup- 
ply shortfalls. Such views contrast with forecasts and 
economic models that expect market forces to provide 
incentives for developing globalhydrocarbon and other 
resources to meet fuel needs through at least 2030. 

Peak oil forecasts use several indicators to support 
the case for an imminent peak in global production. 
One leading indicator is the difficulty of adding new 
reserves to make up for produced volumes, especially 
through exploration. However, companies and coun- 
tries use different methods to estimate recoverable 
resources and what they term reserves. The lack of 
transparency and consistency in this reporting con- 
fuses the situation and is a concern in all forecasts. 

A second indicator is the growing number of coun- 
tries that show a historical peak in their oil produc- 
tion. Many forecasts rely on the shape of production 
curves in countries that have displayed apeak to 
extrapolate future production rates for that country 
and to develop forecasts for countries whose produc- 
tion has not peaked. The extrapolations are based on 
the observed physical behavior of most oilfields. This 
method raises considerable debate, since many fac- 
tors affect production from a field, basin or country. 

In the absence of production restrictions, oil produc- 
tion from a well usually declines from its initial levels. 
As other wells are incorporated in a field, oil production 
rises to a given rate at the field level and then declines. 
Production costs generally increase throughout the 
development of the field as the productivity of wells 
decreases. This well and field production profile is often 
extrapolated to represent producing basins, countries 
and the world. If a fixed or slowly growing resource base 
is also assumed, forecasted global production would 
inevitably follow a similar pattern of decline. 

Peak oil forecasts point to the importance and dom- 
inance of large fields, since they have produced most 
of the world’s oil. In general, large fields are among 
the first to be found, and have economically attractive 
scales and production costs. Production from such 


large reservoirs is usually considered conventional oil 
that did not require technology to stimulate oil flow 
during the early stages of production. 

Views of an impending peak in liquids production 
are usually countered by expectations for new discov- 
eries, additions to the resource base, new technologies, 
and greater operating experience that change the pro- 
duction profile of new and existing producing fields. 
Production rates are not fixed and can be influenced 
by these and other factors such as costs and price. 

Peak oil forecasts are concerned about the ability to 
extend and apply experience from mature areas to less 
produced areas. As a hydrocarbon province matures, 
production transitions from large reservoirs to smaller, 
less prolific, and possibly higher-cost reservoirs. In the 
United States, for example, production from smaller 
and mature reservoirs dominates supplies. Peak oil 
forecasts assume that remaining smaller reservoirs will 
not compensate for declines in the larger reservoirs, 
resulting in declining conventional oil production in 
the near future. However, the North Sea has seen the 
evolution away from larger, depleted fields to smaller 
fields that can be brought online using existing infra- 
structure. North Sea production has actually been 
sustained for many years at significantly higher levels 
than was generally thought likely in the 1 980s and early 
1990s. Production growth from 1990 to 2000 shows 
how production in mature basins can revive as a result 
of new technology, price, or market dynamics*. 

As conventional oil development moves to smaller 
reservoirs in regions where access remains feasible, the 
industry is increasingly turning to frontier resources, 
deep and ultra-deepwater fields, and unconventional 
very heavy and sour fields. New developments include 
the Alaskan Arctic, deepwater Gulf of Mexico, offshore 
West Africa and Brazil, and Alberta oil sands. Frontier 
and unconventional resources in North America have 
compensated for declines in United States oil produc- 
tion, keeping total liquids production nearly flat over 
the last 15 years (Figure 2-40). This view of sustained 
North American production is challenged by expected 
and announced decreases in production from the Can- 
tarrell field in Mexico, the fourth largest producer in 
the world and source of most of Mexico’s production in 
recent decades. Peak oil forecasts argue that develop- 
ment of smaller reservoirs will not be able to reverse 
Mexico’s decline. 

/Uthough production giowth from fronder and 
unconventional resources will require long lead times 


128 


Facing the Hard Truths about Energy 



497 



TOTAL NORTH AMERICA LIQUIDS 


MEXICO 


CANADA 


1985 

YEAR 


Source; BP Statistical Review2006. 


FIGURE 2-40. North American Liquids Production 


and very large investments, there is considerable 
agreement about continued growth in the supply of 
unconventional oil and alternative liquids. However, 
peak oil forecasts do not see these resources as o^et- 
ting declines in existing conventional oil production. 


A country’s oil production profiles are the sum of 
the production profiles of the fields in that country, 
just as fields are the sum of profiles of individual wells. 
The overall decline rate of a field is a combination of 
the decline from existing wells and the production 
volumes from new wells. In addition, changes in pro- 
duction technology and the use of enhanced recovery 
techniques can reduce expected declines. 


TIME 


Figure 2-41 shows typical production profiles as they 
evolve overtime. The curves can apply at different scales 
from individual oil wells to fields, countries, or larger 
regions. Wells and fields vary in their stage of develop- 
ment: some may be declinin g, some at a produ ction pla- 
teau, while others may be ramping up production. The 
global production profile is the aggregate of the profiles 
from all individual fields with diverse profiles. 


While most fields have production profiles shaped 
like Part A of Figure 2*41, many have other more 


FIGURE 2-4L Typical Oil Production Profiles 
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general profiles. For example, where downstream bot- 
tlenecks constrain production, the profile may plateau 
as in Part B. Historically, technology advances have 
increased the recovery factors, or percent of resources, 
recovered from a reservoir. Technical advances, such as 
enhanced oil recovery (EOR), will continue to improve 
recovery factors and thus modifyproduction profiles for 
individual wells and fields. For a complete discussion of 
production profiles and potential technology effects, see 
the Conventional Oil section in the Technology' chapter 
ofthis report. 

Figure 2-41 is illustrative. It demonstrates that 
managing the shape and duration of the produc- 
tion profile is a central issue not only in the peak oil 
debate but in all prospects for oil supply. 

Investment 

The lEA WEO 2006 Reference Case estimates 
that the global oil industry will need a total invest- 
ment of about $4.3 trillion between 2005 and 2030, 
or about $164 billion annually, to meet projected 


demand. Most of the projected investment will be 
in the upstream sector, largely devoted to maintain- 
ing existing production capacity. The lEA invest- 
ment figure is substantially higher than prior years, 
partly based on sharp increases in unit capital costs. 
Other causes for the higher projection include the 
cost of developing remote, technically challenging, 
or deeper reservoirs, or oil in smaller accumulations. 
Additional capital will be needed to minimize pro- 
duction declines at the world’s largest, aging fields. 
A recent OPEC study showing strong correlation 
between exploration and production (E&P) invest- 
ment and oil production rates suggests that pro- 
jected capital requirements are likely to increase. 

Much of the world’s existing oil production will 
need to be replaced by 2030. Figure 2-42 is an illustra- 
tive example of the various resource components that 
contribute to total liquids supply. These components 
contribute to virtually all liquids supply projections, 
although the combination and timing of the compo- 
nents may differ. Maintaining current oil supply lev- 
els will require slightly more than half the $4.3 trillion 
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investment. The remaining investment will be needed 
to expand supply to meet projected demand and build 
or replace infrastructure. Financing this investment 
is likely to be a major undertaking, with enormous 
requirements in individual countries and regions. For 
example, projected investment in China alone is about 
$350 billion, or half the total for Middle Eastern coun- 
tries. Of the total global investment, more than half is 
expected to be in developing countries. 

Geopolitics 

Oil is currently a fungible commodity traded in 
global markets. Changes in oil trading patterns 
are expected during the study’s time frame, based 
on evolving relationships between importing and 
exporting countries and regions. Global redistribu- 
tion of infrastructure and manufacturing capability 
will also change commodity and product trade flows. 
These changes are likely to have important and 
uncertain geopolitical dimensions. For example, 
the TEA reports that OECD countries imported 17.9 
million MB/D from OPEC producers in 2003, or 57 
percent of OPEC’s petroleum exports. The lEA Refer- 
ence Case shows these exports rising by 3.2 MB/D at 
the end of the study time frame, with slightly more 
than 40 percent of the increase supplied from the 
Persian Gulf. The projection assumes that the exist- 
ing OECD-OPEC trading relationship can be reli- 
ably extrapolated. If this is not case, the availability 
of supply becomes a more uncertain and pressing 
issue. Such geopolitical factors apply to all energy 
forecasts and are fully addressed in the Geopolitics 
chapter of this report. 

Natural Gas 

Key Observations — Natural Gas 

» Most forecasts project that global natural gas 
production will grow rapidly to meet increasing 
demand. 

» Current estimates of recoverable natural gas 
resources are sufficient to sustain the large, antici- 
pated increase in production over the study time 
frame, providing above-ground issues and chal- 
lenges do not become major constraints. 

* As gas production in OECD countries lags demand 
growth, these demand centers will require major 
additional infrastructure to ensure delivery by 
pipeline and liquefied natural gas (LI^G). 


• Growth in global natural gas trade is expected 
to occur at a faster pace than historically, with the 
largest new supply volumes originating in Russia 
and the Middle East. 

• Additions to LNG supply capacity are capital inten- 
sive, complex, and face development uncertainty. 
Growing risks in the investment climate for LNG 
and for long-distance natural gas pipelines may 
delay or reduce supply availability. 

• North American and U.S. natural gas production 
is likely to lag projected demand growth over the 
study time frame, requiring significant growth in 
LNG imports. The wide range of projected U.S. 
LNG import requirements raises uncertainty about 
whether these requirements will be met, particu- 
larly at the higher estimates. 

• Unconventional natural gas is expected to make up an 
increasingly importan t share of U.S. gas production 

• Development of Arctic natural gas resources, both 
in the United States and Canada, could contribute 
significantly to North American gas supply if major 
infrastructure is developed 

• Increased access to restricted and moratoria areas 
on U.S. ojfshore and onshore public lands could 
increase natural gas supplies available to the 
United States. 

• Natural gas demand in a carbon-constrained world 
is likely to be significantly higher than in a biisi- 
ness-as-usual future, increasing the importance of 
timely supply and infrastructure development. 

Global Natural Gas Endowment and 
Technically Recoverable Resources 

In 2000, the USGS estimated that remaining recover- 
able conventional gas resources totaled about 12,000 
trillion cubic feet (TCF). This is the mean estimate 
in a range from 8,000 to 19,000 TCF. This gas volume 
is equivalent to about 2 trillion barrels of oil, or dou- 
ble the total amount of oil produced globally to date. 
Many gas supply forecasts base their projections on 
the USGS estimate, which is somewhat higher than 
proprietary estimates abrogated for this study. For 
example, the IOC aggregated mean for total recover- 
able resources is 12,000 TCF, with a range of 11,300 to 
13,900 TCF. The IOC range for remaining recoverable 
resources is 8,000 to 12,000 TCF, with a mean of 10,300 
TCF. The USGS recoverable resource assessments do 
not include unconventional gas, which may represent 
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a significant addition to gas supplies over the next 25 
years. SLmUarly, the assessments do not include natu- 
ral gas hydrates, a potentially significant resource that 
is not currently considered technically recoverable and 
is unlikely to be developed over the study time frame. 

About 3,000 TCF of natural gas has already been pro- 
duced (Figure 2-43J. The projected supply of natural 
gas to 2030 ranges from 3,100 to 3,650 TCF. Thus, cur- 
rent mid-range estimates of conventional, global, tech- 
nically recoverable resources are considerably greater 
than combined historical and projected production. 
Indeed, mid-range projections expect less than 50 per- 
cent of USGS-estimated conventional gas reserves to be 
produced by 2030. If IOC mean or low-range estimates 
prove more accurate, global gas production will exceed 
50 percent of the technically recoverable resource by 
2030. Whether or not global natural gas production 
reaches a plateau during the study time frame, the pos- 
sibility becomes greater vdthin the next 50 years, unless 
a major technical breakthrough allows economic pro- 
duction of significant volumes of unconventional gas 
and gas hydrates. 

Nearly 83 percent of technically recoverable natural 
gas resources are in the Middle East, Non-OECD Europe, 


y^ia/Oceania, and Africa (Figure 2-44). The overall dis- 
tribution of resources is becoming more remote from 
major natural gas markets, with the exception of Russia, 
amajor gas consumer as well as resource holder. 

Current proved reserves of natural gas are concen- 
trated in a few countries, with Russia, Iran, Qatar, and 
Saudi Arabia comprising more than two-thirds of the 
global total (Figure 2-45). Of the 12 largest resource 
owners, 11 are outside the OECD, comprising more 
than 75 percent of global gas reserves. Such concen- 
tration raises issues about risks and the costs of devel- 
oping and producing the reserves to meet growing gas 
demand. 

U,S, Technically Recoverable Gas Resource 

The 2003 NPC study. Balancing Natural Gas Policy, 
estimated that about 1,450 TCF of technically recov- 
erable resource remain in the United States. Techni- 
cal advances may add an additional 400 to 500 TCF by 
2030 (Table 2-4). 

The technically recoverable domestic gas resource 
is subject to numerous restrictions. About 162 TCF 
of the U.S. onshore recoverable natural gas resources 
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FIGURE 2-44. USGS Estimated 
Natural Gas 
Resource Shares, 2000 


lie beneath federal lands that are restricted beyond 
standard lease terms or are entirely off limits. This 
estimate was developed by government studies con- 
ducted in accordance with the U.S. Energy Policy and 
Conservation Act of 2000 and the Energy Policy Act of 
2005. The restricted areas range from Alaska to the 
Rockies, the Gulf Coast, and Appalachia. Approxi- 
mately 92TCF ofU.S. offshore technically recoverable 
natural gas resources are also currently off limits for 
leasing and development. Of these, almost 86 TCP of 
natural gas are in the federal U.S. Outer Continental 
Shelf (OCS) moratoria areas (Table 2-5). Resource 
estimates for all restricted areas are very uncertain, 
since the last seismic data acquisition or drilling in 
some cases occurred 25 to 40 years ago. 

In aggregate, access is restricted to 76 percent of 
U.S. technically recoverable natural gas resources. 
About 66 percent of domestic resources (882 TCP) are 
on state, tribal, and private lands, predominantly in 
onshore tight gas and shale formations. The technical 
challenges to developing domestic gas resources are 
compounded by urban growth, competing land use, 
and changing public values that increasingly con- 
strain existing and new natural gas development. 



Source: BP Statistical Review of World Energy 2006. 

FIG URE 2-45. Largest Natural Gas Reserve Holders, 2005 
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TABLE 2-4. U.S. Natural Gas Resource Base 
(D illion Cubic Feet) 
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Sources: Department of the Interior {MMS and USGS) and 
Interstate Oil and Gas Compact Commission. 

TABLE 2-5. U.S. Offshore Natural Gas Resources 
in Moratoria Areas (Trillion Cubic Feet) 

The United States has almost 290,000 marginal gas 
wells/ In 2005, marginal wells accounted for 1.7 TCF 
of natural gas per day, or more than 9 percent of 
domestic onshore production. Increasing operational 
and regulatory costs and diminishing pipeline access 
to markets may contribute to premature abandon- 
ment of these wells and loss of gas production. When 
marginal wells and fields are prematurely abandoned, 
the associated oil and gas resources may never be 

7 Interstate Oil and Gas Compact Commission (lOGCC), Mnr- 
giruil Wells: Fuel for Economic Growth (2006) . The lOGCC de- 
fines marginal wells as tiiose producing 60 thousand cubic feet 
or less of natural gas per day. The Internal Revenue Service 
defines marginal wells as producing 75 thousand cubic feet or 
less of natural gas per day. 


recovered due to economics, lease termination, and 
related Issues — thus widening the gap between pro- 
jected gas demand and domestic supply. 

Global Natural Gas Production 

Global gas production to 2030 is forecast to grow 
fester than the historical rate since 1980 of about 
50 billion cubic feet per day per decade. The ElA 
and lEA 2006 Reference Cases project growth rates of 
2.4 percent and 2.0 percent, respectively. Both rates 
are higher than the growth rates for coal and oil over 
the study lime frame (Figure 2-46). 

The proprietary forecasts aggregated for the study 
show average gas production of about 450 billion cubic 
feet per day in 2030, a value very similar to the lEA Refer- 
ence Case. The upper and lower limits are approximately 
425 and 500 billion cubic feet per day (Figure 2-47). 

The highest projected natural gas production 
in 2030 is 530 billion cubic feel per day. This fore- 
cast requires a high supply of gas to balance energy 
demand, since it also projects that oil production in 
2030 will be below today's level (Figure 2-48). Most 
Alternative Policy cases in Figure 2-48 also project gas 
production above 400 billion cubic feet per day, as the 
energy mix increasingly favors lower carbon fuels that 
reduce carbon dioxide emission levels. 

Regional Supply Patterns 

Regional supply patterns for natural gas are shift- 
ing. Forecasts show that production and exports from 
the Middle East, Non-OECD Europe (Russia), and Asia 
(Australia) will increase substantially over the next 25 
years, although in total Asia will probably remain a 
net importer of natural gas (Figure 2-49). The United 
States and OECD Europe are likely to increase their 
dependence on gas imports, since most projections 
show continued growth in demand but flat or declin- 
ing production in these regions. 

Most growth in natural gas production is expected 
to occur in exporting countries. Transporting the 
gas to consuming regions will require substantially 
increased investment in production and transporta- 
tion infrastructure, particularly: 

• Liquefaction plants in producing countries and re- 
gasification terminals in consuming countries for 

LNG. 

• Long-distance, high-capacity natural gas pipelines. 
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Sources: Energy information Administration (E!A), International Energy Outlook 2006; International Energy Agency {lEA), 
World Energy Outlook 2006; and BP Statistical Review of World Energy 2006. 


FIGURE 2-46. Projected Global Natural Gas Production 
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Note: iOC = International Oi! Companies. 
Source: NPC Survey of Outlooks. 


FIGURE 2-47. Projected Global Natural Gas Production — Proprietary Aggregated Data 
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FICURE2-46. Projected Global Natural Gas Production — PublicData 


Figures 2-50, 2-51, and 2-52 show the increasing 
importance of imports in the main OECD demand 
regions that were traditionally supplied from indig- 
enous sources. Domestic supply in North America 
is expected to decline and then, possibly, to reach a 
plateau as unconventional resources (e.g., tight 
gas, coalbed methane, and shale gas) supplement 
domestic conventional gas production. Most fore- 
casts assume that pipeline supplies from Alaska 
and the Mackenzie Delta will reach North American 
markets in the study time frame. However, projected 
demand growth will ultimately be met by increasing 
LNG imports. 

Domestic production in Europe is expected to be 
flat or declining, with pipeline imports increasing 
dramatically, primarily from Russia and the Cas- 
pian region. LNG imports will also play a growing 


and more significant role in meeting Europe's gas 
requirements. 

Unlike other major consuming areas, Asia Pacific 
is expected to see a significant increase in domes- 
tic production of natural gas. Much of this growth 
will be traded between producing countries such as 
Indonesia and Australia and consuming countries 
such as Japan and China. The region will also need 
greater supplies of LNG to meet about 30 percent of 
projected regional demand. Long-distance gas pipe- 
lines to Russian, Caspian, and Middle East supplies 
are also a potential option. 

North American Gas Production 

Natural gas production in the United States has 
been relatively flat over the past 35 years, while 
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FIGURE 2-49. Projected Regional Natural Gas Production (Regional Data) 


demand has been growing over most of that period 
(Figure 2-53). Since the mid-1980s, most of the 
growing gap between domestic production and con- 
sumption has been hlled by increased gas pipeline 
imports from Canada. Since 2003, LNG imports 
from several other countries have also grown, mak- 
ing a small but increasingly important contribution 
to U.S. gas supply. 

For North America as a whole, natural gas produc- 
tion has been largely sufficient to meet demand over 
the past 35 years (Figure 2-54). Growing integration of 
the pipeline systems of Canada, the United States and 
Mexico has allowed regional trade flows to develop and 
balance the gas markets in each ofthe countries. Begin- 
ningin 2004, the region has imported larger quantities 
of LNG, with the LNG contribution reaching about 
2 percent of North American supply by 2006. 

EIA projections show some potential for maintain- 
ing a slow growth rate in North American natural gas 
production (Figure 2-55). The lEA concurs with this 
outlook, also projecting a North American natural 
gas production growth of about 0.4 percent per year. 
Both forecasts assume growing success in exploit- 
ing unconventional natural gas resources in North 


America and completion of two major pipelines to 
bring Arctic gas to market centers from Alaska and 
the Mackenzie Delta. The risks and challenges asso- 
ciated with these potential supply sources are dis- 
cussed below. 

Over the next 25 years, it will be an increasing 
challenge to avoid declining conventional gas pro- 
duction rates in the United States. The 2003 NPC 
natural gas study identified such contributing fac- 
tors as accelerating decline rates, decreasing size of 
new conventional discoveries, and higher finding 
and development costs for deeper and more techni- 
cally challenging gas accumulations. 

The forecasts analyzed for the current study largely 
agree tliat domestic conventional gas production 
will decline over the forecast period, assuming that 
restricted onshore and offshore areas willnot be devel- 
oped. The balance of natural gas supply to the United 
States over the next 25 years is generally expected to 
be met by a combination of three elements: 

• Increased domestic production of unconventional 
gas (basin-centered gas, tight gas, shale gas, coal- 
bed methane) 
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FIGURE2~50. North American Natural Gas FIGURE2-52. OECD Asia Natural Gas Production 
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Source: Energy Information Administration, 
International Energy Outlook 2006. 


FIGURE 2-51. OECD Europe Natural Gas 
Production and Imports 


• Arctic gas resources from Alaska and the Canadian 
Mackenzie Delta, both of which require develop- 
ment and massive new infrastructure to bring gas 
to market 

• Increased LNG imports. 

Each of these elements may be subject to risks that 
make development slower or less significant than 
the forecasts assume. 

Unconventional gas typically costs more to 
develop than conventional gas, requires different 
production technologies, has a different environ- 
mental impact, and produces at lower rates. There- 
fore, maintaining or increasing investment in uncon- 
ventional gas will be essentia! to growing supply. In 
addition, many unconventional gas resource basins 
are located in areas at some distance from demand 
centers. For example, the Rocky Mountain and San 
Juan basin regions contain very significant resources 
of tight gas, coalbed methane, and basin-centered 
gas. Growth in production capacity in these regions 
proportionate to the resource size will require new 
pipeline capacity to bring the gas to markets in the 
Midwest, Northeast, and West Coast. 
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Source; BP Statistical Review of World Energy 2006. 

FIGURE2-53. U.S. Natural Gas Production and Consumption, 1970-2005 


Source; BP Statistical Review of World Energy 2006. 
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FIGURE 2~54. North American Natural Gas Production and Consumption, 
1970-2005 
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FIGURE 2-55. Projected North American Natural Gas Production 


Most forecasts assume that Arctic gas from the 
United States and Canada will contribute signifi- 
cant volumes to North American supply, perhaps 
6 to 8 billion cubic feet per day by around 2020. Huge 
stranded gas resources exist in the Arctic regions, but 
bringing gas to markets will require construction of 
new high-capacity, long-distance pipelines through 
Arctic terrain. Companies and agencies involved in 
proposed development of these pipelines have thus 
far not resolved complex issues involving regulatory 
frameworks, fiscal regimes, local communities, and 
environmental impacts. The investment required for 
these pipeline projects is huge, amounting to tens of 
billions of dollars. If the issues cannot be resolved, 
there is a significant risk that the investments may not 
be made in the timeframe of this study. If Arctic gas is 
not developed, North America and the United States 
would require significantly higher LNG imports. 

Gas Supply Challenges 

Considerable uncertainty surrounds the growth of 
natural gas production from mature areas as well as 
the timing of new projects in specific countries and 
regions. Table 2-6 summarizes various challenges 


that may constrain gas production. They include 
restricted access to resources; uncertain invest- 
ment and fiscal frameworks; requirements for high- 
capacity, long-distance infrastructure; shortages of 
skilled people; escalating costs and possible short- 
ages of vital equipment; geopolitical tensions; devel- 
opment policies of major gas resource holders; and 
the time required to develop and deploy new tech- 
nology. The challenges are dynamic and will have 
different combinations in time and place over the 
time frame of the study. 

Considering investment alone, the lEA WHO 2006 
Reference Case estimates that the required invest- 
ment in natural gas supply will amount to $3.9 tril- 
lion over the next 25 years. This figure includes large 
capital investments in Russia, Qatar, Iran, Nigeria, 
and Australia to increase exports. 

Russia, the largest regional supplier to Europe, will 
be challenged to meet European demand growth 
while initiating exports to Asia and supplying its 
large and growing domestic market. The lEA proj- 
ects that the Middle East and Africa wiU provide more 
than two-thirds of global inter-regional exports. At 
the same time, the Middle East will see increased 
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Note; An X in any column means that the matter is problematic or open to question. 

Source: NPC Survey of Outlooks. 

TABLE 2-6. Natural Gas Supply Challenges 


domestic demand. It will also need natural gas to 
maintain pressure or enhance recovery in its oil fields. 

Liquefied Natural Gas (LNG) 

Key Observations — LNG 

• LNG trade is projected to grow faster than historical 
or future global gas and energy demand. 

• The natural gas reserve base can support the projected 
expansion ofLNG supply over the next25years. 

• The global LNG market has many new entrants. 

• Major uncertainties surround the scope and pace of 
liquefaction development in key supply countries. 

This section summarizes a full discussion in the 
1 ,NG Topic Paper included on the CD distributed with 
this study. 

Liquefied natural gas is a means of delivering natu- 
ral gas from the wellhead to the market. Cooling the 
gas to such low temperatures that it converts to liquid 
reduces its volume, making it economical for transport 
over long distances by specialized ship. Since natural 
gas is in many cases too far from markets to be eco- 
nomically or practically transported by pipeline, lique- 
faction provides a way to link remote gas to markets. 


Despite its rapid growth In recent years, LNG 
remains a relatively small contributor to total interna- 
tionally traded gas. It comprises about 22 percent of 
the total gas trade and supplies only 7 percent of global 
gas demand. Pipeline gas still dominates international 
trade, notably supply to Western Europe from Russia, 
North Africa and Norway, and supply to the United 
States from Canada. By region, LNG trade in the Pacific 
Basin and Asian markets is almost double the vSize of 
Atlantic Basin and Mediterranean markets. However, 
the Atlantic Basin market has grown much faster than 
the Pacific market over the past ten years, growing by 
12 percent per year compared to 5.5 percent per year 
in the Pacific market. 

Global LNG Forecasts 

All forecasts agree that global LNG growth is very 
likely to accelerate over the next 25 years. In the 
lEA WEO 2006 Reference Case, LNG trade grows by 
6.6 percent per year between 2004 and 2030, from 
around 9 billion cubic feet per day to 46 billion cubic 
feet per day. The expected LNG contribution grows 
more than three times faster than a projected 2 per- 
cent per year increase in world natural gas demand. 
The lEA also projects that LNG will account for 70 
percent of the increase in gas trade by 2030. LNG 
would then comprise half the internationally traded 
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gas by 2030, compared to around 22 percent in 2004. 
The lEA identified key trends in the changing pattern 
of LNG supply: 

® The Middle East and Africa account for over 70 per- 
cent of the increase in gas exports by 2030, mainly 
to supply Europe and North America. 

» Russia will begin supplying gas to Asian markets by 
LNG. 

® Australia and the Middle East will supply LNG to 
China. 

» Venezuela is projected to emerge as an important 
supplier to North America and Europe. 

The EIA lEO 2006 provides a less detailed view of 
LNG developments to 2030. Discussion of LNG and 
gas trade developments in this outlook includes the 
following main points: 

* Increasing concentration of natural gas reserves in 
Russia and the Middle East make these regions the 
most likely sources of supply growth. 

« African natural gas producdon is expected to grow 
strongly through 2030, mainly for exports. 


» Central and South America will have a surplus of 
gas, with Peru and Venezuela potentially joining 
"Drinidad as LNG exporters. 

• Russia, Norway, Equatorial Guinea, and Peru are likely 
to be new LNG e)q)orting coimtries over this period. 

• China, Canada, Mexico, Germany, Poland, Croatia, 
Singapore, and Chile are potential new LNG import- 
ing countries. 

• The reliance of OECD countries on gas supplies 
from other regions will increase from 22 percent in 
2003 to over 33 percent in 2030. 

U.S. LNG Forecasts 

Figure 2-56 shows projected LNG imports to the 
United States over the next 25 years. Depending on 
the forecast, LNG grows from about 2.5 percent of 
U.S. supply to 16 to 18 percent by 2030. 

The E£A Annual Energy Outlooks provide a detailed 
look at factors specific to the U.S. gas market that may 
drive growth. The 2006 and 2007 Reference Case projec- 
tions for LNG imports to the United States are similar. 
The main difference between the forecasts is that the 
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Note: RP = Reactive Path scenario; BF = Balanced Future scenario. 

Sources: Energy Information Administration (EIA), Annual Energy Outlook 2006 and 2007', Cedigaz, LNG Trade 
and Infrastructures, February 2004; International Energy Agency (lEA), World Energy Outlook 2006; 
and National Petroleum Council (NFt), Balancing Natural Gas Policy. September 2003. 


FIGURE 2-56. Projected U.S. LNG Imports 
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2007 update is slightly lower in the early years, because 
of slower development of upstream LNG projects, and 
slightly higher in the later years, especially after 2020. 

The ElA AEO 2006 Reference Case projects that U.S. 
LNG imports will grow by 8 percent per year to 2030. 
Two factors drive the rapid increase: (1) a domestic gas 
production profile that begins to decline after 2020 and 
only increases by 0.5 percent per year over the entire 
period to 2030; and (2) pipeline imports from Canada. 
A high rate of LNG imports is needed to balance the 
market, despite slow demand growth of 0.7 percent per 
year. The Reference Case assumes that high natural 
gas prices in the United States and the availability of 
import infrastructure will attract LNG to the U.S. mar- 
ket. However, LNG imports may be affected after 2015, 
as world natural gas prices rise, attracting LNG to other 
markets. It should be noted that this projection does 
not integrate U.S. requirements for LNG into a global 
market balance where LNG competes against indig- 
enous gas to find the best economic opportunities. 

The AEO 2006 includes several sensitivity cases 
built around: high or low oil price paths; high or low 
adoption of new technology favoring indigenous gas 
production and lowering gas prices; and high or low 


LNG supply based on the uncertainty of upstream 
developments In the LNG supply chain. Figure 2-57 
shows the range of outcomes from these cases, which 
by 2030 range from more than double to only 30 per- 
cent of the Reference Case. The range between the 
various high and low cases is close to 23 billion cubic 
feet per day of natural gas delivered to the U.S. mar- 
ket, indicating the scope of very different outcomes 
according to the assumptions made. 

LNG Trade and Infrastructure 

Global natural gas supply patterns are shifting, as 
domestic production in major demand centers of North 
America and Western Europe fails to keep pace with 
growing demand. The growing LNG trade is expected to 
play a pivotal role in meeting this increasing demand. In 
North America, for example, LNG imports are ejqjected 
to grow to around 20 percent or more of gas supply by 
2030, compared to about 2 to 2.5 percent in recent years. 
The natural gas resource and reserve base in current and 
potential LNG ejqjorting countries appears more than 
adequate to support a high growdi rate. However, such 
growth wiU require a much stronger LNG supply and 
delivery infrastructure tlian currently available. 
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Source; Energy information Administration {E!A), Annual Energy Outlook 2006. 

FIGURE 2-57. Projected U.S. LNG Imports — Alternative Cases 
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LNG terminal and distribution infrastructure in the 
key markets of North America, Western Europe, East 
Asia, and South Asia is being developed at a scale that 
will support the expected increase in LNG imports. 
Uncertainty and risk are now more concentrated 
in upstream export projects. Less than expected or 
slower development of export projects could lead 
to tighter global supply, higher prices, and potential 
shortages, perhaps for extended periods. 

Coal 

Key Observations — Coal 

® The global coal endowment is large (Figure 2-58) but 
national and local issues such as infrastructure lim- 
itations, environmental regulation, energy security, 
and coal conversion activities will determine how 
extensively coal is used in future global, regional, 
and national energy markets. 

• Most business-as-usual energy forecasts expect an 
increasing demand for coal. 

* Coal is the major feedstock for power genera- 
tion growth. Future regulation of carbon dioxide 


emissions or carbon capture and sequestration will 
affect the direction of growth. 

* China. India, and the United States have significant 
indigenous resources and are the largest coal con- 
sumers during the study time frame. 

• International and U.S. coal transportation infra- 
structure will need additional capacity in order to 
meet projected demand. 

Global Coal Endowment & Resources 

There are few independent estimates of the global 
coal endowment and resources. Almost ail forecasts 
evaluated in this study use a World Energy Council 
assessment of the global coal resource base. World 
Energy Council assessments are based on self- 
reported, individual-country submissions that vary 
widely in quality. U.S. information on coal reserves 
and resources is extensive but outdated, since it is 
based on a Bureau of Mines 1974 study that used 
pre-1971 geological assessments and technology 
assumptions.® 

8 U.S. Bureau of Mines. Compiled by U.S. Geological Survey', 
"Coal Resources of the United States." 1974. 



INCREASING GEOLOGIC UNCERTAINTY 


Sources: (1) 1800 to 1980: Bernardo K GrossMng, “World Coal Resources." Financial Times Businesss Information, London, 1981; 

1 981 to 2005: Energy Information Administration, /nfernaf/ona/ Energy Annua/. (2) World Energy Council, "Survey of Energy 
Resources," 2004. (3) Rogner, H-H., "Annual Review - Energy Environment," Institute for Integrated Energy Systems, 1997. 


FIGUBE2-58. Global Coal Endowment 
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About 280 billion short tons of coal have been pro- 
duced globally to date, a small portion of the total coal 
resource base of approximately 5,000 billion short 
tons.^ While coal resource estimates clearly suggest 
many years of supply, resources are not equally dis- 
tributed among consuming centers, which may cre- 
ate significant trade and regional supply issues. 

Global proved coal reserves are approximatdy 1,000 
billion short tons.'” This figure suggests a reserves-to- 
production ratio of about 150 years, making coal much 
more abundant in these terms than oil or gas. Given 
potential risks and constraints on other fossil fuel 
resources, countries \M’th substantial indigenous coal 
resources such as China, India, and the United States, 
can see benefits to increasing coal use in their domes- 
tic energy mix {Figure 2-59). 

Table 2-7 shows the five countries that hold over 
75 percent of global proved coal reserves. The United 
States holds 27 percent of tliese reserves, the Rus- 
sian Federation 17 percent, China 12.6 percent, India 
10.2 percent, and Australia 8.7 percent. 

Coal varies by chemical and physical properties 
that reflect its maturity from peat to anthracite. These 
properties are described by referring to the coal’s rank. 
Low rank coals such as lignite and subbituminous have 
high moisture levels and low carbon content, resulting 
in low energy content. Higher rank coals such as bitu- 
minous and anthracite are characterized by less mois- 
ture and higher carbon and energy content. Lignite is 

9 Gros.sling, B.F., "World Coal Resources", 2nd Edition. Financial 
Times Business Information. London, England. 1981; and Rog- 
ner, H-H., "Annual Review- Energy Environment," Institute for 
Integrated Energy Systems, University of Victoria, 1997. 


10 World Energy Council, "2004 Survey of Energy Resources." 
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Note; Global coal reserves are approximately 1 .0 trillion short 
tons. Reserves data are available from limited sources and are 
generally self-reported by individual countries. Quality and 
vintage of estimates will vary. 

Source: World Energy Council, 2004 Survey of Energy Resources. 


FIGURE 2-59. Estimated Global Coal Reserves 


at the bottom and anthracite is at the top of the coal 
rank scale. The quality of indigenous coal suppUes var- 
ies between countries (Figure 2-60). This variation will 
affect end uses and environinental impacts. Global 
reserves are about evenly split between anthracite/ 
bituminous coal and lignite/subbituminous coal. 

U.S. Coal Resource Base 

Coal is the most abundant fossil energy source in 
the United States. Figures 2-61 and 2-62 show regional 
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FIGURE 2-60. Coal Rank Distribution in Large Resource Countries 
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Source; Energy Information Administration, Annual Energy Review 200S, 


FIGURE 2-61. U.S. Coal Demonstrated Reserve Base by Key State 
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FIGURE 2-62. l/.S. Coal Demonstrated 
Reserve Base by Mining Method 


distribution, rank, and extraction methods for U.S. coal 
resources. The EIA Armual Energy Review 2005 indi- 
cates that demonstrated U.S. coal reserves, equivalent 
to proved amount in place, amount to 493 billion short 
tons. Figure 2-63 shows the U.S. coal resource pyramid, 
which identifies known and estimated coal resources. 

The EIA reports three mining regions: Appalachian, 
Interior, and Western, The Western region contains 
47 percent of the reserve base, followed by Interior 
with 32 percent, and Appalachian with 21 percent. 
Of the 234.5 billion tons of Western reserves, about 
77 percent are subbituminous coal; 13 percent are lig- 
nite; the remaining 10 percent are bituminous coal. 
The Western region contains all U.S. subbituminous 
reserves and 68 percent of U.S. lignite reserves, pri- 
marily in Montana and North Dakota. The bitumi- 
nous coal is dispersed through the western states, 
with the largest reserves, in descending order, in Col- 
orado, Utah, Wyoming, and New Mexico. 

Approximately 92 percent of the Interior region’s 
158 billion short tons of reserves are bituminous coal, 
while the remainder is lignite. About 40 percent of the 
bituminous reserves are located in Illinois. The lig- 
nite reserves are located primarily in Texas, Louisiana, 
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FIGURE 2-63. U.S. Coal Resources and Reserves Pyramid (Billion Short Tons) 
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and Mississippi. In the Appalachian region, 92 per- 
cent of the reserves are bituminous coal and 7 percent 
are anthracite. Nearly all the anthracite is located in 
Pennsylvania. 

Coal is critical to future energy security in the United 
States. The foundation for coal resource estimates 
is more than 30 years old and should be updated to 
account for new technologies, better subsurface infor- 
mation, and improved understanding of recovery effi- 
ciencies. The U.S. National Academies has found that 
current U.S. reserve estimates may be overstated and 
recommends that USGS undertake a new assessment 
of domestic coal reserves and resources. “ 

Total U.S. Coal Production and Disposition 

The United States is self-sufficient in coal produc- 
tion, virtually matching estimated consumption 
through the study time frame. EIA forecasts total U.S. 
coal production to increase an average of 1.6 percent 

11 U.S. National Academies - Board on Barth Sciences and Re- 
sources (BESR), "Coal; Research and Development to Support 
National Energy Micy,” 2007. 



Source: Energy Information Administration, 
Annual Energy Outlook 2007. 


FIGURE 2-64. U.S. Coal Consumption by Sector 
in 2005 (1.128 billion short tons) 
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per year from 2005 through 2030, in order to meet 
increasing domestic demand. The primary consumer 
of coal in the United States is the power industry, using 
92 percent of the 1.128 billion short tons burned in 
2005. The EIA AEO 2007 forecasts that power genera- 
tion will decrease to 89 percent of coal consumption by 
2030, although total volume is increasing significantly 
(Figures 2-64 and 2-65). If implemented at scale, new 
energy applications, such as CTL and coal-to-gas (CTG) 
would consume an increasing share of coal production 
later in the study time frame, although this is likely to 
remain small relative to total consumption. 

Most forecasts received by the study project rela- 
tively low CTL production volumes in the United 
States (Figure 2-66). Forecasting organizations such 
as the EIA may make widely varying estimates of U.S. 
coal consumption for CTL and CTG conversion, 
depending on the date of their forecast. Between 
the 2006 and 2007 Annual Energy Oudooks, the EIA 
decreased its forecast for CTL and CTG coal consump- 
tion from 190 million to 112 million short tons peryear 
in 2030 (Figure 2-67). The variation in forecasts is even 
more dramatic between organizations. The Southern 



Source: Energy Information Administration, 
Annual Energy Outlook 2007. 


FIGURE2-65. U.S. Coal Consumption by Sector in 
2030 (1.772 billion short tons) 
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Source: NPC Survey of Outlooks. 


EIA ANNUAL ENERGY OUTLOOK 2006 


FIGURE 2-66. Projected U.S. Coal-to-Liquids Production 
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Source: Energy Information Administration, 

Annual Energy Outlook 2006 and 2007, 

FIGURE 2-67. One-Year Change in EIA Reference Case 
Forecast of U.S. Coal-to-Liquids Coal Cotisumption 


States Energy Board and the National Coal Council 
also produced forecasts for converting coal to liquids 
and to gas in order to increase U.S. energy security 
and displace oil imports (Figure 2-68). The Southern 
States Self-Sufficiency case projects U.S. CTL produc- 
tion reaching at least 20 percent of U.S. oil demand in 
2030. This projection is an order of magnitude greater 
than the most recent EIA forecast. 

Globally, China’s relatively low-cost coal may allow 
economical production of CTL. In the lEA WEO 2006 
Reference Case, CTL production will be less than 
1 MB/D by 2030, primarily in China. Elsewhere, 
higher coal costs, capital costs, and significant CO 2 
emission concerns are likely to constrain CTL pro- 
duction between now and 2030. The EIA lEO 2007 
Reference Case projects global CTL production of 2.4 
MB/D in 2030, while production reaches 3.9 MB/D in 
the High Price Case, or about 4 percent of global oil 
demand. For a full discussion of CTL technology, see 
the Coal-to-lJquids Topic Paper included on the CD 
distributed with the study. 

12 Southern States Enei^* Board, "The American Energy Security 
Study,” 2006: and The National Coal Council, "Coal; America’s 
Energy Future," 2006, 


149 I 


Chapter 2 - Energy Supply 


518 



ENERGY BOARD COUNCIL (2025) OUTLOOK 2007 

(2030) REF. CASE (2030) 


Source: NPC Survey of Outlooks. 


FIGURE 2-68. Projected U.S. Coal-to-Liquids and Coal-to-Gas Coal Consumption 


Infrastructure 

The extent to Vk^ich coal contributes to U.S. energy 
requirements will depend heavily on the capacity of 
coal transportation infrastructure. Railroads, barges, 
and trucks are all critical modes of transport for coal. 
Each mode faces challenges, some of which are unique 
to it and others that are common to all modes. For 
each mode, having adequate capacity to meet growing 
demand is perhaps the most pressing need. Roads and 
waterways depend on publicly owned and maintained 
infrastructure. Waterway infrastructure is generally in 
need of significant maintenance and improvement. 
Railroads, on the other hand, rely overwhelmingly on 
privately owned, maintained, and operated infrastruc- 
ture. They will need a balanced regulatory and legisla- 
tive environment to ensure sufficient private capital is 
invested to provide the additional capacity required by 
energy forecasts. 

Global Coal Production and Disposition 

Global coal production is projected to increase sub- 
stantially, primarily to meet demand for electricity and, 
to a smaller extent, for CTL and CTG conversion. Most 
Reference Cases project a 50 to 60 percent increase in 


coal production between 2005 and 2030. Globa! pro- 
duction is currently 6.5 billion short tons per year and is 
forecast to increase to between 9.5 and 1 1.0 billion short 
tons by 2030. Figure 2-69 shows Reference Case supply 
forecasts for ElA, lEA. the European Commission, and 
the U.S. Climate Change Science Program (CCSP).’'’* 
The Reference Cases are generally based on business- 
as-usual assumptions for economic and population 
growth, without significant environmental constraints. 
lEA forecasts that global coal demand wilUnCrease by an 
average annual rate of 1 .7 percent per year from 2004 to 
2030. ElA projects 2.0 percent annual growth. 

Much of the woiid’s coal is consumed in the country 
where it is produced. In 2004, 68 percent of ^obal pri- 
mary coal consumption was used to generate electric 
power and heat. Industry used 18 percent. This partem 
of consumption is expected to remain quite stable over 
the study timeframe, although the higher efficiency of 
new generating plants wUI initiate consumption growth. 
In 2030, coal for power and heat generation is projected 
at 73 percent of total primary coal consumption, while 

13 &iropean Conunission, "Worid Energy Technology Outlook 
- WETO H2,” 2(X)6: and Climate Change Science Program, "CCSP 
Synthesis andAssessment Product 2.1, Part A: Scenarios of Green- 
house Gas Eml^ions and Atmospheric Concentrations,” 2006. 
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Note: All Forecasts Normalized to 6.5 Billion Short Tons In 2005. 

Sources: Climate Change Science Program (CCSP); Energy Information Administration (E!A), International Energy Outlook 2006; 
internationaf Energy Agency (lEA), World Energy Outlook 2006; and European Commission, IVor/c/ Energy Tec/ino/ogy 
Outlook2050 (ECWETO), 200S. 

FIGURE 2-69. Global Coal Production Reference Cases 


industry remains at 18 percent. Electricity generation 
remains the primary driver of coal consumption. lEA 
projects the share of coal in global power generation as 
increasing from 40 percent in 2004 to 44 percent in 2030. 

Most growth in coal production will occur in rapidly 
expanding economies. Coal consumption in develop- 
ing Asia is projected to rise from 2.9 billion short tons 
in 2004 to 4.5 billion short tons in 2015 and 6.1 billion 
short tons in 2030, a growth rate over the period of 
2.7 percent per year. China and India heavily dominate 
coal consumption in the region (Figure 2-70) account- 
ing for nearly 80 percent of annual incremental demand 
through 2030. They also account for 71 percent of the 
projected 6 billion kilowatt-hour increase in coal-based 
electricity generation. 

Coal consumption in OECD Europe is projected to 
grow only slightly in Reference Cavses, increasing from 
76 1 million short tons to 778 million short tons per year 
from 2005 to 2030. In this case, gains in power gen- 
eration are offset by losses in industry. The coal share 
of power generation is projected to decrease from 29 
percent to 27 percent to the benefit of natural gas. 
Coal inputs to power generation are projected to fall 
in the period to 2020 and then increase between 2020 


and 2030 as nuclear power plants are retired and the 
assumed competitiveness of coal improves relative 
to natural gas. OECD-Europe coal production is pro- 
jected to decline from 467 million short tons in 2005 to 
324 million short tons in 2030. Given that consump- 
tion is projected to rise, this suggests an increase in 
net imports from 293 million short tons to 454 million 
short tons over the period. 

Coal consumption in Russia and other countries 
of the former Soviet Union is projected to rise by an 
annual average of 1.1 percent between 2004 and 2015, 
then decline to the 2004 level by 2030. Industrial use 
of coal is projected to increase throughout the period 
while coal consumption in power generation is pro- 
jected to fall. Coal-fired power generation capacity is 
forecast to decline throughout the period as natural gas 
replaces aging coal-fired plants. Coal’s share of power 
generation is projected to fall significantly from 21 per- 
cent in 2015 to 15 percent in 2030. Latin America, the 
Middle East, and Africa are expected to be relatively 
minor consumers of coal. 

Demand increases for coal vary geographically, and 
the remaining resource estimates vary widely for the 
five lai^est resource owners. While India has sufficient 
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FIGURE2-70. Projected Regional Coal Consumption (2010 vs. 2030) 


coal reserves for more than 200 years of consumption 
at 2005 levels, China has coal reserves for only 52 years 
(Figure 2>71) at 2005 levels. Qiina'sS planned coal 
production capacity in 2010 is 2.1 billion short tons. 
Restructuring of township coal mines is expected reduce 
production capacity to 1.65 billion short tons in 2020. 
When compared to many consumption forecasts, the 
reduction suggests that China may rely increasingly 
on coal imports or may need to develop new domestic 
reserves. With Chinese industrial demand growing sig- 
nificantly especially for steel making, China will require 
not only coal in quantity, but the right type of coal. 
Restructuring plans should be viewed in this light. 

China and Incha will be the fastest growing markets 
for coal ejqjorters. Regions well situated to serve those 
markets are likely to experience the greatest growth. 
Russia has a large coal resource base and could supply 
foreign markets such as China. Australia is projected to 
increase exports from 257 million short tons in 2005 to 
435 million short tons in 2025. Indonesia is expected to 
increase exports from 138 million short tons to 203 mil- 
lion short tons. This suggests that Australia and Indo- 
nesia will represent 70 percent of the increase in coal 
exports between 2005 and 2025, rising from 46 percent 
of global coal exports in 2005 to 53 percent in 2025. 


Infrastructure is unlikely to present a long-run con- 
straint on Australian coal exports, although Indonesia 
may prove to be more problematic. Although Indone- 
sian coal resources are substantial, a significant pro- 
portion is located some distance from the coast and 
dedicated port terminals. Currently, a substantial por- 
tion of Indonesia's coal exports is transported by barge 
and later transshipped. Investment needed to provide 
the infrastructure for interior coal deposits is also likely 
to be significant. 

Carbon Constraints 

Carbon-constrained cases generally show flat-to- 
declining global coal production avS energy demand 
is met by fuels with lower carbon content, including 
renewable sources (Figure 2-72). Total coal production 
continues to increase in the IEA Alternative Policy Case, 
but is approximately 20 percent less than coal produc- 
tion in the IEA Reference Case. Most of the reduction 
in coal demand results from fuel switching and energy 
savings in the power sector. The European Commis- 
sion’s World Energy Technology Outlook 2050 (WETO) 
carbon-constrained case represents ambitious poli- 
cies for long-term stabilization of atmospheric carbon 
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Sources: World Energy Council 2006; and Energy Information Administration, International Energy Outlook 2006. 

FIGURE 2-71. Reserves-to-Prodiiction Ratios in Major Coal-Producing Countries 
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Note: All forecasts normalized to 6.5 billion short tons in 2005. 

Sources; International Energy Agency (lEA), World Energy Outlook 2006; European Commission, World Energy Technology Outlook 
2050. {EC WETO) 2006; and Climate Change Science Program (CCSP), 

FIGURE 2-72. Projected Carbon-Constraint Coal Production 
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dioxide concentrations at 500 parts per million by vol- 
ume (ppmv) by 2050. 

Technology development is critical in shaping a 
future carbon-constrained energy system. WETO envis- 
ages incremental improvements in large-scale power 
generation and renewable technologies. The VVETO-H2 
scenario incorporates new technology to decrease total 
energy consumption and increase the use of hydro- 
gen, which may be produced from lower carbon energy 
sources. The CCSP cases designated L-1 are based on 
stabilizing atmospheric carbon dioxide at 450 ppmv by 
2100. Three integrated assessment models from MIT 
(IGSM), Stanford (Merge), and Joint Global Qimate 
Change Research Institute (MiniCam) forecast climate 
change based on input assumptions, with each address- 
ing the carbon issue for different energy inputs. 

In a carbon-constrained world, CCS is one of the 
technology and policy prerequisites for maintaining 
coal’s significant role in the energy system. For a full 
discussion of carbon management and carbon cap- 
ture and sequestration, see the Carbon Capture and 
Sequestration Topic Paper included on the CD dis- 
tributed with this report. 

Coal Supply Challenges 

Many challenges faced by the coal industry 
(Table 2-8) are common to other carbon-based 
fuels. The requirement for affordable energy must 


be balanced with environmental and other policy 
issues, while maintaining infrastructure to transport 
resources from supply to demand regions. Permitting 
new facilities takes longer, costs more, and is subject 
to more scrutiny than in the past. Construction, labor, 
equipment, and supply costs have escalated signifi- 
cantly in recent years and are more volatile than in the 
past, contributing to higher, less predictable produc- 
tion costs. Carbon management is likely to become 
a factor in future coal use as carbon policies develop 
in the United States and globally. Land owners and 
various interest groups are vocal in their objections to 
new surface mines, often delayingthe permitting pro- 
cess and increasing development costs. Local, state, 
and federal regulations that place land use restric- 
tions on private lands, such as populated areas, also 
limit mining access. Table 2-8 summarizes the coal 
supply challenges that will apply in different combi- 
nations and places over the study time frame. 

Biomass 

Key Observations — Biomass 

• Energy from Biomass can be converted to electricity, 
heat, and biofuels: forecasts show considerable growth 
potential while meetmg the world’s need for food. 

• The cellulosic biomass resource is substantial, buttech- 
nology does not currently exist to convert it to large vol- 
umes of liquid fuels at competitive economics. 
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^ In a carbon-constrained environment, biomass-fired 
power generation will be an attractive use of biomass. 

® Biomass resources will continue to be converted to 
biofiiels as a supplemental contributor to the U.S. 
transportation fuel mix, with public policy as a fac- 
tor in overall market penetration. 

Biomass was the primary source of energy before the 
industrial age developed through intense use of coal, 
petroleum, and natural gas. Like coal and natural gas, 
biomass is a local energy source that could protide 
significant additional supply, although it constitutes 
only a small fraction of current primary energy sup- 
ply. Like many unconventional and alternative energy 
sources, biomass presents new demands on other 
resources such as land and water. Since biomass is 
renewable, it is expected to have a lower carbon foot- 
print than other widely available energy sources. 

Biomass can be burned, gasified, fermented, or 
otherwise processed to provide energy as electric- 
ity, heat, and biofuels. However, the infrastructure 
developed for coal, petroleum, natural gas, and other 
energy sources may not have the capability to support 
biomass as the main source of primary energy. Where 
possible, biomass has been incorporated economi- 
cally into the value chains that link energy sources 
to products and markets. For example, biomass has 
been co-fired with coal in power plants: ethanol pro- 
duced from corn or sugarcane has been blended with 
gasoline; biodiesel has been produced from palm and 
soy. In each case, incorporating biomass in the cor- 
responding value energy chains required only minor 
modifications to existing infrastructure. 

The biomass energy value chain has many charac- 
teristics similar to those of oil, coal, and natural gas. 
However, since the underlying source is solar energy, 
biomass is characterized by low energy density and 
production over large areas. Land use, transporta- 
tion logistics, harvesting, storage, and processing of 
biomass feedstocks and products are key hurdles to 
widespread production. The sources of energy used 
to convert biomass to products and the energy bal- 
ance of the conversion processes are also significant 
considerations for biomass use. For example, coal is 
an important source of heat for some biorefineries in 
the United States. Significantly reducing the carbon 
footprint and improving the energy balance of these 
refineries would require developing and using pro- 
cesses that incorporate more biomass energy. 


Biomass Forecasts 

Most business-as-usual forecasts show continued 
growth of the energy supplied from biomass.’^' Great 
care must be taken when analyzing these forecasts, how- 
ever, because they sometimes distinguish between com- 
mercial biomass and existing biomass use and incor- 
porate energy conversion efficiencies of biomass into 
final fuels such as ethanol, and thus do not refer to real 
primary energy. The EIA Reference Case, for example, 
shows biomass growing at small rates. By comparison, 
the lEA Reference Case projects biomass use in 2030 at 
more than four times higher than 2005. Business-as- 
usual cases typically forecast biomass penetration as 
biofuels for transportation. These forecasts project up to 
5 MB/Dof biofuels in the year 2030, representing almost 
5 percent of total liquids supplied. This projected vol- 
ume is still a small fraction of the total energy mix. 

Forecasts that are not business as usual project dra- 
matic increases in biomass as an energy source based 
on policy objectives. Stabilizing atmospheric carbon 
dioxide, increasing the efficiency of energy consump- 
tion, or reducing carbon impact are typical policy 
objectives assumed in these forecasts. For example, a 
scenario that accelerates stabilization of carbon diox- 
ide concentrations includes policies that impose car- 
bon-neutral primary energy production in the coming 
decades. The policies result in rapidly increasing bio- 
mass use; rapid growth of new nuclear-based electric- 
ity generation; and widespread use of CCS for all fossil 
fuel based power plants. This case reduces total global 
liquids demand to 98 MB/D by 2030, of which biolliels 
supply more than 23 MB/D, or almost 25 percent.*® 

As with all resources, biomass needs to be produced, 
converted, and delivered in a useful form for consumers. 
Current processing technologies for com and sugarcane 
seek to balance biomass use for food, feed, and fuel 
production. This delicate balance is subject to intense 
study. Many technology developments target the bal- 
anced and adequately supplied food, feed, and fuel 
markets. The use of co-products of ethanol processing, 

14 Business-as-usual forecasts do not incorporate policies, taxes, 
or incentives that are not currently in force or would preclude 
direct economic competition between sources of energy within 
the established framework. 

15 U.S. CCSP Level 1 Stabilization Scenario, IGSM Model. Tliis 
scenario imposes a very high penalty on carbon-related emis- 
sions in order to achieve such an accelerated transition away 
from non-carbon neutral fuels. The model also constrains the 
growdt in nuclear energy. The economic impacts of such car- 
bon constraints can affect economic growth. 
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such as distiller’s dry grains used in livestock feed, con- 
tribute to the balance by allowing the same corn crop to 
serve as a source of hotli fuel and feed. 

Studies that estimate the annual potential for bio- 
mass production are balanced by forecasted future 
^ohal demand for food and feed. Any surplus, in the 
absence of cross-competition, could be available to 
supply energy. Forecasts usually consider such factors 
as available arable land, water resources, and changes 
in land use. Assuming widespread use of recent advances 
in biotechnology and modem land management tech- 
niques, the potential energy available from biomass is 
estimated to be approximately 952 quadrillion Btu, or 
on the order of annual human energy consumption. 
The efficiency of converting potential biomass energy 
into forms suitable for widespread consumption is a 
matter of considerable interest. 

Biotechnology is ejqjected to play a significant role in 
expanding global biomass production, with crop yields in 
the nextfewdecades increasingatafaster rate than histor- 
ically. For example, marker-assisted plant breeding can 
increase trait development by a ten-fold rate over conven- 
tional breeding. The ability to er^neer specific new traits 
into crops may bring about remarkable changes in crop 
production and crop adaptability to different growing 
conditions. New technolo^es could potentially increase 
U.S. com production to 25 billion bushels by 2030. Using 
conventional conversion methods, a crop of this size 
could potentially yield 54 billion gallons of ethanol by 
2030, or 3.5 MB/D. This forecast contrasts with both the 
carbon-constrained case, which shows volumes above 20 
MB/D and with the more conservative EIA lEO 2007 Ref- 
erence Case, which forecasts about 1.5 MB/D. 

Ethanol 

Ethanol is an alcohol that can be used directly as an 
alternative fuel or blended with gasoline. It Is made by 
fermenting sugars from many agricultural products 
and food wastes, including cellulose. The technology 
for producing ethanol from corn (90 percent of U.S. 
ethanol) and sugarcane (Brazil) is well established. 
Current technologies such as direct combustion and 
the production of ethanol or biodiesel have made 
wood, dung, cereals, sugar crops, and oilseeds the cur- 
rent leaders in bioenergy crops. Global production of 
ethanol has more than doubled over the last five years, 
to about 9 billion gallons in 2005 or 0.6 MB/D. 

As mentioned above, conventional conversion meth- 
ods in a business-as-usual case may produce up to 

[ IS6 


3.5 MB/D of ethanol in the United States by 2030. I^ge 
additional increases would require technology develop- 
ment to convert lignin and cellulose more efficiently into 
useful fuel. Technologies that use non-foodstuff bio- 
mass could potentially augment energy crop use for fuel 
production by increasing (1) overall process efficiency 
and (2) the biomass resource available for conversion. 

Infrastructure 

Several steps are necessary to increase the use of 
biomass as an energy source: bioenergy crops, pref- 
erably perennial, must be developjed for excess agri- 
cultural land and marginally arable land; systems are 
required to harvest, collect, and store energy crops; 
efficient conversion and delivery systems must be 
developed. Widespread adoption of agricultural best 
practices could enable development of better food 
crops and better use of arable land now in produc- 
tion. Much of the infrastructure needed to increase 
biomass use does not exist today, limiting the growth 
rate of hiomass, much as with any new energy source. 
Development of the sugarcane-based ethanol indus- 
try in Brazil is an example of how public policy can 
guide development of a biomass energy source. 

Biomass Resource Potential 

The growing use of certain biomass feedstocks as an 
energy source raises concerns about the availability of 
biomass for foodstuffs. The multiple uses of land com- 
pete and increase the value (and cost) of land. How- 
ever, forecasts show that available land could produce 
enough biomass to provide food, feed, and fuel. The 
United Nations Food and Agriculture Organization 
(FAO) confirms this expectation in its recent estimate of 
population, food needs, and agricultural development 
from 2015 to 2030. According to the FAO, agricultural 
production of food and feed vrill continue to expand to 
meet global needs through2030. Second-generation or 
cellulosic ethanol would reduce the potential for com- 
petition between food crops and energy crops by using 
plant waste and a specific energy crop such as switch- 
grass. However, second-generation biomass conver- 
sion technologies are currently in the research and early 
demonstration phases. The timing of their transition to 
commercial operation at scale remains uncertain. 

Various studies over the past 20 years have assessed 
the potential of agriculture to produce both energy and 
food for the world. While conclusions from these stud- 
ies differ, the annual resource potential could reach 
approximately 238 to 476 quadrillion Btu of biomass 
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energy, produced while still feeding a growing ^obal 
population (Table 2-9). The higher estimate is equiv- 
alent to about 68 percent of projected global energy 
needs in 2030. However, various factors will influ- 
ence the potential penetration of biomass as an energy 
source, the mostimportantbeingtheavailabilityof con- 
version technology and infrastructure, and competing 
delivered energy costs. Business-as-usual forecasts 
project biomass as supplying approximately 10 per- 
cent of global energy needs by 2030. Forecasts that 
incorporate strong carbon-management policies see 
biomass energy growing considerably, to 15 percent 
of total global energy demand by 2030 and 30 per- 
cent by 2100.'^ Specifically, with targeted policies and 
restraints on carbon dioxide emission, the U.S. CCSP 
Level 1 Stabilization Scenario, IGSM Model, forecasts 
that bio-fuels will reach nearly 25 percent of liquid 
fuels on a volumetric basis in 2030 (Figure 2-73). 

In summary, production of biofuels and energy from 
the large potential biomass resource is projected to 
grow over the study time frame. Policies to stabilize 
carbon dioxide concentrations are forecast to strongly 

16 Energy demand in these highly carhon constrained scenarios 
is only marginally greater in 2100 than it is today. The carbon 
constraint greatly impacts economic activity. 


Stimulate growth in biomass use, though possibly with 
significant economic impact. There will be tradeoffs 
between different lower carbon alternatives depend- 
ing on the type of carbon constraint. Ethanol from 
biomass is commercially produced today and is part of 
the energy supply. In order to reach its potential mar- 
ket penetration, energy from biomass requires con- 
siderable investment and supportive public policies. 
These requirements apply particularly to associated 
infrastructure and the development and demonstra- 
tion of new’ fuel conversion technologies for biomass 
not intended for food or feed. For a full discussion of 
Biomass as a potential energy source, see the Biomass 
Topic l^per on the CD included with this report. 

Non-Bio Alternative Energy Sources 

Key Observations — Non-Bio Alternatives 

• Forecastsfor the possible role of nuclear energy vary 
from limited growth to cases where nuclear power 
is employed for power generation as a replacement 
for fossil fuels with a higher carbon footprint. 


• Thediversity of views about nuclear energy’s future 
reflects conflicting positions and perceptions about 
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Source; U.S. Climate Change Science Program, Level 1 Stabilization Scenario, IGSM Model. 

FIGURE 2-73. Accelerated Global Biofuels Production under Considerable Carbon Dioxide Emission Constraints 
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safety, ivaste, nuclear proliferation, and the nuclear 
fuel cycle. 

® Some alternative sources of energy, much like 
unconventional fossil fuels, have secondary 
resource impacts (water, land, fuel, etc.) that are 
not completely understood and may be significant 
as they reach new scales of supply. 

This section summarizes discussions of alternative 
energy sources in the Renewables and the Hydrogen 
lopic PapeiT, on the CD distributed with this report. 

Hydropower and Ocean 

Historically, hydroelectricity has dominated non- 
biomass alternative energy sources. Dams have been 
developed globally to provide vast supplies of electric- 
ity at very low marginal production costs. Industrialized 
nations bave already developed most of their hydro- 
electric resources. Additional, limited opportunities to 
increase hydroelectric production may ejcist in industri- 
alizing and economically developing nations, subject to 
growing questions about their environmental and social 
impact. Ocean and small-scale hydroelectric technolo- 
gies currently being developed and deployed may also 
provide additional distributed and localized power with 
reduced environmental footprint. 

Wind 

Energy from wind has grown significantly in recent 
decades and is forecast to grow several times faster 
than overall energy demand, thus increasing its share 
of the supply mix. Given infrastructure requirements 
and a current share of less than 2 percent of energy 
supply, it will be some time before wind supplies a 
significant portion of global energy requirements. 
One of the main challenges faced by wind and other 
intermittent sources of energy is the need to main- 
tain ready reserve power capacity. Incentives and tax 
credits have made wind power an attractive option in 
many markets. Additional technology development 
could eliminate the need for incentives. 

Solar 

Concentrated solar power (CSP) technology is being 
deployed globally. CSP costs are not yet competitive 
with large-scale electricity production from fossil fuels, 
but may be attractive for smaller and remote applica- 
tions. Research in new materials for photovoltaic elec- 


tricity generation (PV) continues to reduce its costs. PV 
technology has niche applications, but does not make 
significant global contributions to energy supply. 

Geothermal 

Conventional geotliermal is competitive as a base- 
load power source in areas with readily accessible, 
naturally occurring, and plentiful underground steam. 
As with large-scale hydroelectric dams, conventional 
geothermal energy presents limited opportunities for 
new supplies. However, enhanced geothermal sys- 
tems (EGS) that harvest heat by introducing water 
into an underground heat source to produce steam 
may have future potential growth. EGS technology 
significantly leverages existing oil and natural gas 
related technologies. 

Nuclear 

Despite its considerable growth in previous decades, 
nuclear power represents only 5 to 6 percent of the 
total global energy supply mix and less than 20 percent 
of global electricity generation. Regions and countries, 
however, can vary significantly from the global average. 
Countries sucb as France that have made progress in 
developing nuclear power tend to show contributions 
that are much larger than average. 

Views about nuclear energy’s future role are diverse. 
Most forecasts that stipulate business as usual show 
only limited changes in the contribution of nuclear 
energy to the energy supply mbt. These forecasts 
refer to difficulties in siting, financing, and operating 
nuclear facilities, as well as in disposing of nuclear 
waste given environmental and non-proliferation 
concerns in industrialized nations. 

Nuclear power is forecast to grow in industrializing 
nations, particularly China, which have the greatest 
need for new sources of abundant energy. The forecasts 
reviewed in this study usually do not include constraints 
in the uranium fuel value chain, but do incorporate 
concerns about the fuel cycle and proliferation. More- 
over, recent developments of futures contracts for ura- 
nium allow for risk mitigation. These forecasts show an 
increasing role for nuclear power in the latter part of the 
century, paiallel with growth in coal-fired power plants. 

As with biomass, nuclear energy becomes 
an important energy source in forecasts that 
include policy objectives to stabilize atmospheric 
carbon dioxide, promote efficient energy use, or 
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reduce its carbon impact. The resulting forecasted 
growth is a function of the policies implemented 
and the technologies available. For example, if 
carbon capture and sequestration is delayed or 
never widely deployed for coat-fired power plants, 
nuclear power may grow considerably, perhaps to 
25 percent of total global energy demand by 2100. 
On the other hand, if carbon capture and seques- 
tration is successful and widespread, the projected 
growth of nuclear power remains significant but 
more moderate. 

The greatest projected growth of nuclear power 
generation by 2030 results in an increase of more 
than 200 percent from current levels (Figure 2-74). 


By comparison, forecasts that show a significant 
decrease in the share of nuclear energy show a 
marked increase in fossil fuel use. Or, they assume 
revolutionary gains in efficient energy use, resulting 
in only marginal demand growth. 

Hydrogen 

Hydrogen is being considered as a future energy car- 
rier/fuel, given that its combustion emits only water. 
However, hydrogen’s low molecular weight and energy 
density, as well as its production, handling, and stor- 
age. are very important hurdles to its widespread use. 
Hydrogen is an intermediate product, manufactured 
from a primary energy source and then used to move 
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energy from the source to a demand center. Currently, 
natural gas reforming is the main source of hydrogen. 
Integrated gasification combined cycle (IGCC) power 
plants could make coal an important source of hydro- 
gen. Or, nuclear power could generate electricity to pro- 
duce hydrogen via electrolysis or an alternative process. 

Clearly, many primary energy sources can be used 
to produce hydrogen. If hydrogen becante the trans- 
portation fuel of choice, it could provide convergence 
between all sources of energy and remove the end- 
fuel issue from carbon policy discussions. Policy dis- 
cussions might then focus on the primary sources of 
hydrogen, which, given its centralized nature, could 
more easily fit with carbon capture and sequestration. 

Forecasts for hydrogen use (Figui’e 2-75) are usu- 
ally limited to the United States. Business-as-usual 
forecasts, such as the EIA Reference Case, do not show 
significant grotvth in hydrogen use for transporta- 
tion. By comparison, forecasts that incorporate rapid 
technology development and targeted carbon con- 
straints show considerable grotvth in the U.S. market. 
However, even in this growth case, hydrogen does not 
displace petroleum-based transportation fuels during 
the study time frame. 


Energy Conversion 

and Delivery Infrastructure 

Key Observations — Energy Infrastructure 

• Energy forecasts generally do notexplicitly account for 
specific energy infrastructure requirements, such as 
capital requirements, return expectations, construc- 
tion schedules, resources, and permitting processes. 

• Uncertainty relating to energy demand outlooks 
may restrict or delay infrastructure investment. 

• Datacollection and analysis of energy transportation 
infrastructure is inadequate for evaluating infra- 
structure capacity, throughput, and future needs. 

• A significant realignment in the global refining sys- 
tem is underway, following forecast demand growth 
in China and India. 

• Infrastructure requirements of many alternative 
energy sources at scale are not well understood and 
may be significant. 

• Complex permitting processes lengthen infrastruc- 
ture construction times and reflect social, environ- 
mental, and land-use constraints on infrastructure 
development. 



YEAR 

Sources; National Research Council, Implications of a Transition to Hydrogen in Vehicles for the U.S. Energy System Scenanos, 2004; 
Argonne National Laboratory, AMIGA U.S. Technology Case Pro^cdons. 2005; and Energy Information Administration, 
/nfernat/ona/ Energy Outlook 2006. 


FIGURE 2-75. Projected U.S. Hydrogen Use for Transportation 
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® Implementing widespread carbon capture and seques- 
tration will require significant new infrastructure. 

This section summarizes discussions in the Infra- 
structure and the Refining & Manufacturing Topic 
Papers on the CD distributed with this report. 

The energy forecasts reviewed in this study do not 
show significant infrastructure development con- 
straints other than those associated with siting and 
permitting nuclear power generation. Based on his- 
torical experience, forecasts generally assume that 
if sufficient economic incentive exists, new infra- 
structure will be developed or existing infrastructure 
expanded. 

As with independent supply forecasts, a limited set 
of forecasts are available to assess new infrastructure 
requirements over a given period and supply-demand 
balance. These forecasts usually include capital and 
resource requirements, but focus on global or national 
scales that do not allow analysis of regional infrastruc- 
ture development and requirements. In addition, 
considerably more infrastructure data are available 
for the United States than for the rest of the world, 
which increases the uncertainty of projections. 

Growing international trade in natural gas and 
petroleum liquids will require the development of 
new infrastructure. For natural gas. the LNG supply 
chain will need considerable capital investment, from 
upstream development and natural gas liquefaction 
to LNG tankers and regasification facilities. Not all 
natural gas will be transported via LNG, so significant 
investments will also be required in long-haul natu- 
ral gas pipelines. Similarly, the growing international 
trade in petroleum liquids will require considerable 
investment in oil pipelines and ocean tankers. 

The evolving concentration of energy demand 
and energy production in different regions around 
the world will create new trade flows and associated 
infrastructure requirements. Limited infrastructure 
and energy trade routes that run through a few inter- 
national choke points raise increasingly serious secu- 
rity risks (Figure 2-76). 

Time and scale are significant considerations for 
energy infrastructure. The large, global infrastruc- 
ture projects associated with forecast demand growth 
have long lead times. Building spare infrastructure 
capacity to deliver energy may not meet conventional 
economic thresholds. Therefore, potential project 
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delays and lack of spare capacity increase the risk of 
temporary supply constraints. 

Transportation infrastructure is a highly complex, 
robust network that delivers energy and other com- 
modities from resource locations to manufacturing 
plants and ultimately to consumption centers. The 
transportation system is an immense network of pipe- 
lines, railways, waterways, and roads that has been 
in continuous development for the past two centu- 
ries. Safe, reliable infrastructure has been, and will 
continue to be, a prerequisite for economic growth. 
Figure 2-77 suggests the complexity of the energy 
supply system. 

In 2002, for example, more than 19 billion tons of 
frel^t was delivered across the transportation sys- 
tem. Energy commodities — coal, natural gas, crude 
oil, ethanol, and petroleum products — comprise 
nearly one-third (by weight) of the freight shipped 
in the United States. Freight shipments are expected 
to grow 72 percent to nearly 33 billion tons by 2030, 
while shipments of energy commodities are expected 
to total 11.4 billion tons. Pipelines, tankers/barges, 
and railways are the main transport modes for energy 
commodities. Roads are the primary delivery routes 
for transportation fuels from blending facilities to 
consumer filling stations. 

A reliable, economic, and flexible energy transpor- 
tation infrastructure Is essential to national security 
and economic prosperity. Demands on current and 
anticipated infrastructure are heavy and growing, 
both to supply conventional forms of energy and 
enable diversification to new sources. 

Refining and Manufacturing ♦ 

Petroleum refining capacity in the United States 
has changed significantly over the past 35 years. The 
rapid increase in capacity in the 1970s resulted from 
the combination of many factors, including incen- 
tives for small refiners (Figure 2-78). Coupled with 
reduced demand for products after the oil price 
shock in 1979, the incentives led to over-investment 
in small, inefficient refineries and poor margins for 
these Investments. The last three decades have seen 
a rationalization of this inefficient capacity, while 
refinery outputs have increased at the same time. 
The number of refineries in the United States fell 
from more than 300 to 150 while the average capac- 
ity per refineiy steadily increased, through efficiency 
gains and plant expansions. U.S. refinery output has 
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FIGURE 2-77. Simplified Infrastructure Diagram for Energy Production, Conversion, and Delivery 



FIGURE 2-78. Global Historical Refining Capacity 
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increased continuously since 1985, while capacity 
increased by 11.7 percent between 1996 and 2005J^ 
However, domestic refining capacity has not been able 
to keep up with product demand, resulting in increased 
U.S. imports of finished product and blendstock. 

The study focused on four key questions to assess 
and understand global refining capacity projections 
over the next 25 years: 

* What new refining capacity will be built over the 
next 25 years to process the projected crude oil 
demands? 

® Where will the new capacity be located? 

9 What new technologies need to be developed to 
increase the capacity to process unconventional oil? 

® What policies or regulatory barriers exist today that 
may inhibit development of new refining capacity? 

Analysis of Refining Forecasts 

Ten forecasts comprising 18 scenarios contained 
27 direct or inferred projections for refining capacity. 

17 Federal Trade Commission Report, Investigation of Gasoline Prux 
Manipulation and Post-Katrina Price Increases, Sp ring 2006. 


The primary integrated studies from the lEA and EIA 
were the context for assessing the refining capacity 
data from the other studies. Based on the lEA and 
EIA Reference Cases, global refining capacity must 
grow by 32 MB/D over the next 25 years to meet pro- 
jected oil demand. The studies and cases reviewed in 
this study provide various projections based on dif- 
ferent assumptions. However, all cases with a pro- 
jection for 20 15 show primary oil demand exceeding 
projected 20 15 refining capacity, even assuming that 
all announced capacity expansion projects in the lat- 
est Oil & Gas Journal Worldwide Construction Survey 
are executed. The gap is consistent with the delicate 
balance between forecasted infrastructure demand 
and the uncertainty that governs it. Resolving the 
uncertainty around this projected imbalance can 
create incentives for additional projects to increase 
capacity. 

Figure 2-79 is one projection of the balance 
between regional refining capacity and demand 
in 2030. Based on the lEA and EIA data, growing 
oil demand in the United States will continue to 
outpace rising refinery output, requiring contin- 
ued imports of blending components and finished 
products. Europe, the Middle East, and Africa will 



Source: Calculated from data in Oil & Gas Journal 2005 and EIA World Energy Outlook 2006. 

FIGURE 2- 79. Projected Balance between Regional Refining Capacity and Demand in 2030 
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increase refining capacity above their oil demand, 
allowing export of finished products. Asia is pro- 
jected to move from a balance between oil demand 
and refining capacity to an imbalance similar to 
the U.S. situation, with product imports needed to 
bridge the supply gap. 

Increased unconventional oil production, primar- 
ily from Canada, is unlikely to require new technol- 
ogy development for the refining industry. Existing 
residual oil conversion technologies, including cok- 
ing and solvent de-asphalting, should be sufficient 
to process the heavy oil into finished products. The 
unconventional oil-to-products value chain is tightly 
integrated because unconventional oil is generally 
less fungible than lighter conventional oil. Refineries 
that make the investments required to process heavy 
crude oil will become increasingly complex, as they 
add capacity to convert residual heavy oil, supply 
additional hydrogen, and provide hydrotreating. 

The increasing integration of biofuels into the 
refined products distribution system can compli- 
cate distribution logistics, increase transportation 
costs, and reduce supply reliability. The require- 
ments for transporting biofuels have led to large 
shipments by rail and truck from bio-refineries to 
product distribution terminals. This represents a 
shift in the fuels transportation system from large, 
cost-efficient, bulk shipments by reliable and dedi- 
cated pipelines, barges, and ships to small, less cost 
efficient shipments by non-dedicated railroads. The 
shift may reduce supply reliability while increasing 


transportation costs. Efforts to incorporate biofuels 
into existing pipelines or construct new, dedicated 
pipelines for biofuels at significant cost are directed 
at overcoming such hurdles. 

ACCESS TO RESOURCES ♦ 

Governments around the world have restricted 
access to oil and natural gas resources for vari- 
ous reasons, including to preserve wildlife habitat 
or fragile ecosystems or to further domestic eco- 
nomic and energy security. Recent studies in the 
United States have identified over 20 billion barrels 
onshore and nearly 19 billion barrels offshore of 
technically recoverable oU resources that are under 
access restrictions which prevent their develop- 
ment. This section summarizes restrictions in the 
United States and globally. 

United States Onshore 

A recent comprehensive review of U.S, oil and nat- 
ural gas resources showed that almost 97 percent, or 
20.5 billion barrels, of undiscovered technically recov- 
erable oil resources beneath onshore federal lands 
are Inaccessible or have restrictions beyond standard 
lease terms'® (Table 2-10). 

Over 60 percent of U.S. technically recoverable oil 
resources and 66 percent of U.S. technically recoverable 

18 Scientific Inventory of Onshore Federal Land’s Oil and Gas Re- 
sources and the Extent and Nature of Restrictions or Impedi- 
ments to Their Development (EPCA Inventory), 2006. 



Sources: U.S. Departments of the Interior, Agriculture, and Energy, 2006. 

TABLE 2-1 0. U.S. Onshore Oil and Gas Resources withA(xess Restrictions — Federal Lands 
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natural gas resources lie beneath state, tribal, and pri- 
vate lands. Over the past several decades, urban growth, 
competing land uses, and changing public values have 
placed ever-increasing constraints on existing and new 
oil and gas development. 

Arctic National Wildlife Refuge 

The Alaska National Interest Lands Conservation 
Act of 1980 established the Arctic National WOdlife 
Refuge (ANWR). In Section 1002 of the Act, Congress 
deferred a decision regarding management of the 
1.5 million acre coastal plain, or 1002 Area, in recogni- 
tion of its significant potential for oil and natural gas 
resources as well as its importance as wildlife habitat. 
Congress continues to debate whether to open this 
portion of ANWR to oil and gas leasing and explo- 
ration and to eventual development if economic oil 
and gas resources are discovered. Table 2-11 shows 
potential energy and economic impacts using USGS 


estimates for mean and high undiscovered crude oil 
resources in the 1002 Area.^* 

Marginal Wells 

In 2005. marginal oil wells provided over 17 percent 
of oil and 9 percent of natural gas produced onshore 
in the United States. The nation has over 400,000 mar- 
ginal oil wells, each producing 10 barrels or less of oil 


19 Potential Federal Royalty and Income Tax Revenues Resulting 
from the Leasing and Development of the Coastal Plain of the 
Arctic National Wildlife Refu^, Advanced Resources Inter- 
national for U.S. DOE. 2006. Also see EIA. Analysts of Oil and 
Gas Production in the Arctic National Refuge, March 2004, SR/ 
OtAF/2004-04. USGS surveys suggest between 5.7 and 16.0 bil- 
lion btirrels of technically recoverable crude oil are in the coast- 
al plain of ANWR, with a mean estimate of 10.4 billion barrels 
that includes oil resources in Native lands and state waters out 
to a 3-mile boundary within the coastal plain. The mean esti- 
mate for the federal portion of the ANVffi coastal plain is 7.7 
billion barrels of crude oil. In comparison, the estimated vol- 
ume of technically recoverable unproven oil in the rest of the 
United States was 136 billion barreh as of January I, 2006. 
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* These production estimates arc lower that some previous estimates, such as those reported by the Energy Information Administration, 
because they only include development of resources on federal lands in tire coastal plain and not potential resources on Native lands or 
state offshore coastal waters. 

tTax revenues in 2030 are lower than those in 2020, despite higher levels of production, because larger, more profitable fields were assumed 
to be developed before smaller, less profitable fieldvS. 

Source: Advanced Resources international, 2006. 

TABLE 2-11, Estimated Production, Federal Royalties, and Federal Tax Revenues 
Associated with the Leasing and Development of the 
Arctic National Wildlife Refuge (ANWR) 1 002 Area 
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ource estimates and the lanuary 2006 Congressional Budget Office price forecast (all esti 


TABLE 2-12. U.S. and Canadian Offshore Oil and Natural Gas Resources in Moratona Areas 


TABLE2-13. Estimated Energy Supply and Economic Benefits from OCS Moratoria Areas 


*Oii includes natural gas liquids. Does not include resources in areas already under lease. 

Note: In January 2007, the presidential moratoria were lilted for the entire North Aleutian Basin and a small portion of the Eastern Gulf. 
Revised resource estimates were released by the Department of the Interior in May 2007 and this table reflects those revised estimates. 
Sources: Department of the Interior, Minerals Management Service and U.S. Geological Survey: and Interstate Oil and Gas Compact 
Commission. 
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FIGURE 2-80, Access to World Proved Oil Resources 


per day for an average 2.2 barrels per day. Without pro- 
duction from marginal wells, it has been estimated that 
U.S. oil imports would increase by nearly 7 percent.^ 
Increasing operational and regulatory costs and dimin- 
ishing access to markets via pipelines can contribute to 
the prematiue abandonment of marginal wells. When 
wells and fields are abandoned prematurely, the associ- 
ated oil and gas resources may never be recovered due 
to economics, lease termination, and related issues. 

North America Offshore 

Approximately 30 billion barrels of undiscovered 
technically recoverable oil resources and 134 trillion 

20 Interstate Oil and Gas Compact Commission, Marginal Wells: 
Fuel for Economic Growth. 2006. 


cubic feet of undiscovered technically recoverable natu- 
ral gas resources in offshore waters of the U.S. and Can- 
ada are in moratoria areas precluded by law or public 
policy from leasing and development (T^ble 2-12), Of 
these resources, about 18 billion barrels of oil and 76 
trillion cubic feet of natural gas are currently off limits 
to leasing and development in the United States. There 
is significant uncertainty in resource estimates for those 
areas of the Outer Continental Shelf (OCS) subject to 
long-standing moratoria or presidential withdrawal. 
In the north, mid-, and south Atlantic, most of the west 
coast, and portions of the eastern Gulf of Mexico, the last 
acquisition of geophysical data and drilling of explora- 
tion weDs occurred from 25 to 40 years ago. There were 
a few prospective discoveries at that time and numerous 
indications for the potential occurrence of oil and gas. 
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FIGURE 2-81. Access to Global Oil and Gas Reserves over Time 


Estimates developed in 2006 show that the poten- 
tial energy and economic benefits of increased access 
to oil and gas resources in OCS moratoria areas could 
be substantial (Table 2-13):^’ 

• By 2025, U.S. crude oil production could increase 
by more than 1.0 MB/D. 

• Nearly 2.8 billion barrels of crude oil could be pro- 
duced between now and 2025 — production that 
would not be realized if the existing moratoria were 
continued. 

• Industry would spend $98 billion dollars in the U.S. 
by 2025 to develop these resources. 

• Between now and 2025, the U.S. trade imbalance 
would be reduced by $145 billion if this domestically 


21 Estimate of the Potential Economic Benefits From the Leasing 
and Development of Oil and Gas Resources in OCS Moratoria 
Areas, Advanced Resource.s international for U.S. Department 
of Energy, lune 6, 2006. Based on mean MMS estimates of un- 
discovered oil and gas resources in the areas in question. 


produced cmde oil were to offset imports on a one- 
to-one basis. 

• The U.S. would collect an additional $41 billion in 
royalties by 2025 from OCS production. 

• An additional $28 billion in federal income taxes 
would be collected from OCS production between 
now and 2025, 

• The economic activity generated by this develop- 
ment would result in the addition of as many as 
130,000 direct domestic, high-paying jobs. 

Global Access 

Figure 2-80 shows access restrictions for resource 
holding countries in addition to the United States. 
Figure 2-81 shows how access to global oil and gas 
reserves has become increasingly restricted over time. 
The trend line and the proportion of resources under 
restricted access raise uncertainties about secure 
energy supply and potentially diminishing opportu- 
nities for equitable access. 
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T he oil and natural gas industry has a long history 
of technological advancement, and today operates 
using materials, sensors, chemistry, and engineer- 
ing that are marvels well beyond the limits envisioned 
by industry pioneers or, indeed, the general public 
(Figure 3-1). Manytechnical advances have been gen- 
erated directly by research and development (R&D) 


in industry labs, through field trials, and by applied 
ingenuity. 

Globally, the industry spends more than $6 billion 
annually on oil- and gas-related R&D. This spending 
is on the upswing, which will result in technological 
advances we can only imagine today. The percentage 
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FIGURE 3-1. Jackup Rig with Fracturing Stimulation 
Vessel in the Gulf of Mexico 


of that $6 billion that is focused on U.S. -specific needs 
is relatively small. R&D dollars, like capital expendi- 
tures, follow the most attractive opportunities, and 
these are increasingly found overseas. However, the 
U.S. industry has had some dramatic successes that 
point the way forward, confirming that there is a con- 
tinuing role for the U.S. government in this area. 

Deepwater technology, which has allowed us to 
tap into resources in the Gulf of Mexico at water 
depths exceeding 1,000 feet, is far greater than was 
imagined even a few years ago, and has significantly 
increased U.S. reserves and production. Coalbed 
methane, long considered a hazard to miners, is now 
a significant resource thanks to technology specifi- 
cally applied after the U.S. government encouraged 
its development. In both of these cases, technology 
was not developed by U.S. government funding, but 
by industry pursuing opportunities and access to 
resources, which has made and continues to make a 
significant difference. 

Government policy can affect how technologies are 
developed and implemented. For example, opening 
new areas for exploration stimulates R&D in technol- 
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Ogles required to exploit those resources. Similarly, 
tedmologies that require new facilities, such as coal- 
to-liquids conversion plants or nuclear power plants, 
depend on establishing permitting and regulation 
procedures. 

Several specific technologies highlighted in this 
chapter have potential for industry-government co- 
operation. These include advanced materials research 
in nanotechnology and in materials that can sustain 
high temperatures and high pressures, robotics, and 
metocean research.' 

Enhanced oil recovery and carbon capture and 
sequestration (CCS) are activities for which signifi- 
cant advances are expected in the coming decades. 
Today, technology is developing to reduce the cost of 
separating carbon dioxide (CO 2 ) and to sequester large 
amounts of the gas in deep underground formations. 
Beyond today's biofuels, research breakthroughs are 
expected in second-generation crops and cellulosic 
ethanol production. 

Advancements are being achieved by the industry 
that reduce environmental impacts, particularly in 
fragile and ecologically sensitive locations. “Greener” 
chemicals are being deployed throughout operations. 
Further cost reductions andtechnology to reduce envi- 
ronmental effects will be applied in heavy-oil reser- 
voirs and later in oil shales in the western United States 
and elsewhere. Water and other resource demands 
increase significantly with many of these new develop- 
ments, however, and in some regions these demands 
may become the largest factor limiting growth. 

Clearly, a significant piece of tlie overall energy puz- 
zle will be technology that increases the efficiency of 
energy use. This is an area rich in opportunity for both 
technology advancements and policy measures. It is, 
however, an area complicated by consumer prefer- 
ences and diverse situations for technology’s adoption. 
One can see this in the evolution of the U.S. auto fleet 
over the past decade, where technical improvements 
in drive-train efficiency have been mainly applied to 
increase performance rather than fuel economy. As 
with technology developments to increase supply, 

1 Nanotechnology includes devices and materials whose size is in 
the range of 1 to 100 nanometers [billionths of a meter). Met- 
ocean is the "weather” of the offshore environment both above 
and below the surface of the water. The word is a contraction 
of "meteorology” (weather in the air) and “oceanology" (condi- 
tions below the surface of the water) and is used by all offshore 
industries. 
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clear regulatory signals by governments and economic 
opportunities by the private sector combine to accel- 
erate technology advances. The U.S. refrigerator effi- 
ciency standard, which raised efficiency requirements 
and reduced energy consumption, is a good example 
of a clear success that could be duplicated. Light- 
ing, building-energy efficiency, and electricity-grid 
improvements are all areas where ingenuity combined 
with smart policy would yield big efficiency gains. 

While current R&D by the oil and natural gas indus- 
try, along with entrepreneurial start-ups funded 
by increased venture and equity capital, is on the 
upswing, U.S. government funding for oil and natural 
gas research is trending down. Department of Energy 
monies have been a significant funding source for 
U.S. universities and national laboratories. This fund- 
ing is particularly important, as it enables students to 
pursue advanced degrees that are relevant and vital to 
our country’s energy future. One of the most signifi- 
cant issues facing the U.S. energy industry is a criti- 
cal shortage of engineers and scientists. This stems 
from the cyclical nature of the industry and by public 
perceptions, as well as reductions in the number of 
U.S, petroleum and geoscience degree departments, 
and industry demographics. More than 50 percent of 
the industry’s current technical workforce is eligible 
for retirement within the next decade, creating an 
experience and skill shortage at a time when demand 
will be increasing. Solving this challenge will require 
cooperation among federal and state governments, 
academia, and industry if the United States is to con- 
tinue its historical !eader.ship in oil and natural gas 
technology development. 

Topics are arranged in six broad groupings in this 
chapter. The first group contains two topics that are 
part of all the others — technology development and 
personnel issues — and one that is likely to be impor- 
tant for many of the others — carbon capture and 
sequestration. The second group describes explora- 
tion and production (E&P) activities that are current 
today: conventional resources (including enhanced 
oil recovery and arctic activities), exploration, and 
deepwater technologies. The third group comprises 
unconventional natural gas production in shale gas, 
coalbed methane, and tight gas sands (reservoirs 
with extremely low permeability). The fourth group 
includes unconventional hydrocarbon sources in 
heavy oil, oil shale, and methane hydrate. The fifth 
group describes alternative sources for liquid flu- 
ids from coal and biomass. The final group has two 


reports covering the effect that nuclear technology 
might have on the oil and natural gas sector, and the 
impact that technology improvements might have on 
transportation efficiencies. 

Each section includes a description of the tech- 
nology topic, information about the state-of-the-art 
within the topic, and, in many cases, the most impor- 
tant developments expected by 2010, 2020, and 2030. 
Details and technical discussions can be found in the 
individual Teclinolog)^ Topic Reports that are avail- 
able on the CD that accompanies this report. 

KEY FINDINGS 

• The current and projected demographics of trained 
personnel in the broad U.S. energy industry indi- 
cate a shortage that is expected to worsen due to 
retirements in the next decade and beyond. The 
shortage affects both the E&P part of the business 
(upstream) and the refining part (downstream), 
construction, and other sectors, including the trans- 
portation industry. It ranges from skilled crafts- 
people through PhDs, Fewer academic depart- 
ments are training students in petrotechnical areas 
now than in the 1980s. However, the problem is 
wider, with shortages of students in science, engi- 
neering, and mathematics. A similar situation 
exists for craft labor. 

• Carbon capture and sequestration underground 
will facilitate the continued use of fossil fuels in 
an increasingly carbon-constrained world. CCS is 
technically achievable today, and has been demon- 
strated at a project level and applied in enhanced 
oil recovery. However, CO 2 has not been injected at 
the scales (both volumes and time periods) that will 
be necessary in the future. 

• The prospect for advancements in technology is 
very good, but the Technology Task Group found no 
single, simple solution with the potential to provide 
energy security for the United States over the long 
term. The solution will involve as many of the avail- 
able resources and potential technologies as can be 
developed and deployed. 

• Technology can significantly improve transporta- 
tion efficiency, particidarly for light duty vehicles. 
Consumer preferences affect the deployment of 
technology in that sector, whereas a sound busi- 
ness case affects deployment in the other transpor- 
tation sectors. 
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® Technology has had a significant impact on the 
industry’s ability to find and produce resources. In 
exploration, 3D seismic technology created a boom 
in activity starting in the 1980s, driving down acqui- 
sition costs while improving the exploration success 
rate. In another area, after government policies 
were enacted in the 1980s, technologies were devel- 
oped to understand and exploit coalbed methane, a 
resource that has been known since the beginning 
of the coal mining industry (Figure 3-2). 

* Access to acreage with potential for economic oil 
and natural gas resources is itself a primary driver 
that encourages technology development. The 
onset of area-wide leasing for the U.S. Gulf of Mex- 
ico in the early 1980s led to significant acceleration 
of interest in deepwater regions. 

* Commercializingtechnology in the oil and gas mar- 
ket is costly and time-consuming; an average of 16 
years passes from concept to widespread commer- 
cial adoption. 

* Recovery from existing and future resources is 
expected to improve because of continuing in- 
creases in the volume of the reservoir that is in 
proximity to a wellbore, thanks to both close well 
spacing and improved technologies such as mul- 
tilateral horizontal wells. Environmental impact 
will continue to be reduced as technology allows 
operations with a smaller "footprint" and “greener" 
chemicals. 

* Improved exploration and exploitation technology 
slowed the decline in discovery volumes. Although 
the future of exploration technologies is bright 
and the exploration success rate may continue to 
improve, it is still likely that the volumes of hydro- 
carbon.s discovered with time will continue to 
decrease. 

« Unconventional natural gas resources in tight 
gas sands, coalbed methane, and gas shales have 
become commercial because of technological 
advances, and these new resources are likely to 
continue to be important. 

* Technologies are available for production of heavy 
oil, extra-heavy oil, and bitumen, but these heavier 
crudes are in less demand than conventional oil 
because of the difficulty in processing to create 
refined products, and because fewer refineries have 
the capability to process them (Figure 3-3). 

* Oil shales may become a commercial resource by 
2020, although large-scale production is unlikely 
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FIGURE 3-3. Heavy on Sample 
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until 2030. The technique used historically is sur- 
face processing in a high-temperature retort. An 
alternative process still in development, in situ 
conversion at lower temperature, has captured the 
industry’s attention. In situ conversion technology 
is just emerging, so it is not yet clear which specific 
technologies can advance the state of the art over 
the coming decades. 

® An economically viable method for production 
of natural gas from naturally occurring hydrate 
resources has not been developed. Hydrate sites 
are known to be in arctic areas, and in some marine 
locations in other parts of the world, but no efforts 
have been made to locate commercial marine 
deposits of hydrates in U.S. waters. 

• Estimates for coal-to-liquids production are small 
relative to the overall petroleum market through 
2030, for cost and environmental reasons. 

• Biofuels face technological and logistics challenges 
before becoming a more significant part of the U.S. 
transportation fuel mix. Still required are efficient 
and scalable conversion techniques for celluiosic 
materials such as switchgrass, corn stover, and 
woody biomass; efficient transportation networks 
from field to plant; and ways to overcome water- 
supply shortages. 

» Nuclear power plants provide base-load electrical 
power, whereas electricity generated using oil or 
natural gas is typically load-following. Therefore, if 
developed in the United States, growth of nuclear 
power will displace a much greater amount of coal- 
powered generation growth and a smaller amount 
of oil and natural gas generation. 

• With many mature, marginal fields, the United 
States has specific R&D needs that have a lesser 
focus for the largest industry R&D organizations 
than the more prolific international prospects. 

TECHNOLOGY DEVELOPMENT 
AND DEPLOYMENT 

Since the beginning of the modern age of oil and 
natural gas, technology has played a fundamental role 
in supporting the efficient production of hydrocar- 
bons. Oil and natural gas technologies are often des- 
tined for hostile, hard-to-reach environments such 
as deep offshore waters or in the high temperatures 
and pressures encountered at the bottoms of wells. 
Full-scale tests must be completed before a technol- 


ogy can be proved and the market will accept it. As a 
result, commercializing technology in oil and natural 
gas markets is costly and time-intensive; some studies 
indicate an average of 16 years from concept to com- 
mercialization. The Technology Devel.oprneiu Topic 
Report examines both lessons from history and cur- 
rent trends in oil and natural gas technology devel- 
opment and deployment to make predictions for the 
coming years. 

The sources of technology destined for the oil and 
natural gas markets have changed over time. Start- 
ing In the early 1980s, major oil and natural gas com- 
panies began to decrease their R&D spending, driven 
in large part by a decision to “buy versus build” new 
technology. Historically, independent oil and natu- 
ral gas companies have spent little on R&D. Service 
companies have stepped in to partially fill the gap by 
increasing their R&D spending. There is little doubt 
that m the coming years, new technologies will be 
invented and applied to the global quest to maximize 
production from oil and natural gas reservoirs. As 
oil prices have risen over the past few years, so have 
R&D budgets, with the exception of U.S. government 
spending. The global industry will spend more than 
$6 billion on R&D, much of it in areas outside the 
United States. 

The major oil and natural gas companies follow 
the best investment opportunities, including R&D, 
which are increasingly found overseas. This pursuit 
leaves U.S. onshore production largely in the hands 
of independent oil and natural gas companies. In a 
global marketplace, the service companies continue 
to respond to the needs of their worldwide customer 
base. 

Being one of the most mature oil and natural gas 
producing countries, the United States has specific 
technology requirements compared with much of 
the rest of the world (Figure 3-4). More than 400,000 
U.S. oil wells produce less than 10 barrels a day (of 
these, the average national production is 2.2 barrels 
per day). About 289,000 marginal natural gas wells 
produce less than 60 million cubic feet a day in the 
United States (an average of 16.7 million cubic feet 
per day per well). That is 17 percent of the oil and 
9 percent of natural gas produced onshore in the 
United States.^ 

2 Interstate Oil and Gas Compact Commission, "Marginal Wells: 

Fuel for Economic Growth” (2006) . 
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FIGURE 3-4. Pumping Units that Produce Oil 
from Low-Pressure Reservoirs 


Research is key to the survival of these marginal 
wells. Unfortunately, the small, independent pro- 
ducers who operate these wells rarely have the ability 
to conduct research, even though R&D might keep 
them producing for many more years. As a result, 
unless the technology requirements of the U.S. oil 
and natural gas business align with the needs of the 
rest of the world, there is a danger that U.S. interests 
may not be addressed adequately. 

Figure 3-5 shows U.S. government R&D funding 
in recent years, split between oil and natural gas.^ 
Research undertaken by national laboratories and 
universities usually leads to fundamental under- 
standing and basic technologies. These technologies 
are typically applied by other entities such as oil and 
natural gas. service, or start-up companies. 

However, the U.S. government proposal for fiscal 
year 2007 to terminate the oil and natural gas pro- 
gram within the Department of Energy leaves only 
$50 million in royalty receipts that were set aside in 
the Energy Policy Act of 2005. The bulk of the funds 
($35 million) is set aside for ultra-deepwater and 


3 Lawson, William F. “Who Will Fund America’s Energy Future?" 
Interstate Oil and Gas Compact Commission report (2006). 
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FIGURE 3-5. Oil and Natural Gas R&D Funds Provided by the U.S. Government 
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unconventional-hydrocarbon research programs as 
part of the Research Partnership for a Secure Enei^ 
America (RPSEA). The remainder ($15 million) is set 
aside for an internal National Energy Technology Lab- 
oratory program and administrative funds. 

Many successful research programs have featured 
accountability as a key attribute. Examples show that 
it is possible to leverage funding, such as the Ansari X 
prize for privately funded manned space flight, the 
Orteig prize to Lindbergh for his solo flight across the 
Atlautic, and the Board of Longitude prize for the 18th 
century invention of the marine chronograph that 
enabled navigators to determine longitude at sea. 

PERSONNEL ISSUES > 

The exploration and production industry is currently 
in a boom cycle after an extended bust that lasted about 
20 years. The current and projected demographics of 
trained personnel in the broad U.S. energy industry 
are disturbing, leading to a shortage tliat is expected 
to worsen and last for decades. This problem is pan- 
demic, affecting upstream and downstream, construc- 
tion, and otlier sectors including the transportation 
industry (Figure 3-6). Personnel shortages range from 
skilled craftspeople through PhDs. Within the E&P 



FIGURE 3-6. Skilled worker on rig site 


industry, the impending retirement and handoff to the 
next generation of employees has been referred to as 
the “big crew change;" the U.S. Department of Labor 
refers to it as the “demographic cliff.”^ 

The majority of industry professionals are less 
than ten years from retirement eligibility. There are 
fewer academic departments in petrotechnical areas 
now than before the bust, and significantly fewer 
petrotechnical students are being trained to replace 
upcoming retirees. The industry’s cyclical nature 
and its negative public image have kept the number 
of interested students low. Enrollment in petroleum 
engineering and geoscience departments of U.S. uni- 
versities is down about 75 percent from its 1982 peak. 
However, the problem is wider, with a shortage of 
students in science, engineering, and mathematics. 
A similar situation exists for craft labor, with aggre- 
gate demand exceeding supply by an increasing mar- 
gin over the next few years. Competition from other 
industries will intensify the shortage of personnel, 
which is exacerbated globally by an explosion in the 
rate of hiring by the industry in the past two years. 

A study by Schiumberger Business Solutions in 
2005 indicated a surplus of petrotechnical graduates 
in parts of the world, including Indonesia, Venezuela, 
and China, that is available to supply the areas with a 
deficit of graduates, such as the United States. How- 
ever, a 2006 follow-up survey showed that the rapid 
increase in hiring has stvamped even the ability of 
those countries to fill global needs. Even if the high 
rate of hiring lasts only a few years, language, culture, 
and immigration quotas pose barriers to a rapid flow 
of graduates from one part of the world to another. 

Many E&P industry jobs can be (and are) filled by 
graduates of other engineering and scientific disci- 
plines. However, the public’s negative image of the 
industry makes recruiting those graduates difficult 
as well. The alternative of mid-career hiring is a 
negative-sum game when viewing the industry as a 
whole; although it helps one company, it does so to the 
detriment of another, and it is an expensive option. 

Many of tlie Technology Task Group Topic Reports 
noted this problem as a barrier to implementing 
technological advances. For example, enabling devel- 
opment of coal-to-liquids technologies requires 

4 U.S. Depamneni of Labor, “Identifying and Addressing Work- 
force Challenges in America’s Energy Industry,” President's High 

Growth Job Training Initiative, U.S. DDL Employment Training 

Administration CMarch 2007). 
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additional coal miners, transportation crews, and 
plant personnel, both skilled and professional. Simi- 
lar problems are noted for any substantial increase in 
biofuels production, shale oil development, carbon 
sequestration, and other areas. 

CARBON CAPTURE AND 
SEQUESTRATION 

It is likely that the world is moving into an era in 
which carbon emissions will he constrained. For a 
general discussion on carbon, see Chapter 5, “Carbon 
Management.” Oil and natural gas contribute more 
than half the current, energy-related CO 2 emissions. 
In a carbon-constrained world, the use of oil, natural 
gas, and coal will be affected by policy measures to 
reduce carbon emissions. Carbon management will 
involve combining several measures to reduce CO 2 
emissions, including improvements in the efficiency 
of energy use and the use of alternatives to fossil fuels 
such as biofuels, solar, wind, and nuclear power. How- 
ever, to meet the energy demands of the nation, the 
United States will continue using fossil fuels, includ- 
ing coal, extensively over the next 50 years or more. 
To do so, and to extend the resource base to include 
unconventional hydrocarbons such as heavy oil, tar 
sands, and shale oil, it will be necessary, if carbon 
constraints are imposed, to capture and sequester a 
large fraction of the CO 2 produced by burning these 
fossil fuels. 

Carbon capture and sequestration entails trapping 
CO 2 at the site where it is generated and storing it for 
periods sufficiently long (several thousand years) to 
mitigate the effect CO 2 can have on the Earth’s climate. 
In this report, we only consider geological sequestra- 
tion and do not discuss possible alternatives, such as 
deep-sea sequestration, which is fraught with envi- 
ronmental concerns and issues of public acceptance. 
Geological sequestration would target spent oil and 
natural gas reservoirs and deep saline formations: 
the potential capacity is discussed in the CCS Topic 
Report. 

The technologies required for effective CCS are, by 
and large, viable. Projects continue at Sleipner field, 
the Weyburn enhanced oil recovery (EOR) project in 
Canada,^ and the In Salah saline formation project in 

5 Wiison M, Monea M. (Eds.), lEA GHG Weyburn (Xij Monitoring 

& Storage Project Suimnary Report 2000-2004 (2004). 
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Algeria.® The hurdles to implementation are largely 
ones of integration at scale. Current possible scenar- 
ios of climate change predict that by 2030, the level of 
CO 2 to be mitigated could be 30 billion tons per year or 
more.^-* Sequestering 5 billion tons of CO 2 each year 
would entail pumping volumes close to 100 million 
barrels per day of supercritical COzinto secure geo- 
logical formations. This amounts to around a quarter 
of the volume of water currently pumped worldwide 
for secondary oil recovery. At the local level, seques- 
tering CO 2 from a l-gigawatt coal-fired power station 
would require pumping into the ground some 150,000 
barrels per day of supercritical CO 2 .® A power sta- 
tion of that size would generate electricity for about 
700,000 typical American homes. 

While the technologies for CCS are essentially 
available, in that capture and storage can be imple- 
mented now. extensive scope remains for improve- 
ment. In particular, the capture stage of CCS is key, 
and currently dominates the overall cost. Novel, 
lower-cost approaches to capture would have a sig- 
nificant effect on the implementation of CCS and 
would, in turn, greatly influence the usability of fossil 
fuels under carbon constraint. The CCS Topic Report 
discusses other areas where continued research is 
important: 

• Fundamentals of storage, such as long-term phys- 
iochemical changes in the storage reservoir 

• Characterization and risk assessment (faults, cap 
rocks, wells) 

• Reservoir management for long-term storage 

• Integration of fit-for-purpose measurement, moni- 
toring, and verification 

• Ability to inject CO 2 into formations 

• Retention and leakage, such as leakage throu^ wells. 

It is also crucial at this stage to undertake an assess- 
ment of the total U.S, capacity for CO 2 sequestration. 

6 Riddiford, F, Wright, 1, Espie, T, and Torqui, A. “Monitoring geo- 
logical storage: In Salah Gas CO;, Storage Project," GHGT-7, Van- 
couver (2004). 

7 Pacalaand Socolow, "StabUization Wedges: Solving the Climate 
Problem for the next 50 Years with Current Technology," Science 
305 (13 Aug. 2004); 968. 

8 Third Assessment Report - Climate Change 2001, Intergovern- 
mental Panel on Climate Change. 

9 Socolow, R, “C^n We Bury Global Warming?” Scientific American 
(2005). 
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While it is reasonable to expect that the combined 
capacity of existing hydrocarbon reservoirs and deep 
saline formations is large, a detailed understanding of 
the regional distribution of capacity throughout the 
United States is critically important. 

It is important to note that there is no experience 
available with full-process integration, e.g., a coupled, 


large-scale coal-fired power plant with CCS. Several 
projects worldwide, most notably FutureGen in the 
United States and Zero-Gen in Australia, are in the 
process of designing and constructing an integrated 
large-scale power and CCS operation. Operating such 
facilities successfully is central to understanding the 
true economics and practical requirements for large- 
scale CCS. 
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TABLE 3-1. Basis for Experience Relevant to Commercial Carbon Capture and Sequestration 
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One activity in which CO2 is pumped into reservoirs 
currently is enhanced oil recovery. This provides 
a proving ground for various techniques that are 
relevant to CCS, and can be implemented while other 
carhon-management solutions are under develop- 
ment. (A section of the Topic Report discusses the role 
of CO2-EOR in the development of CCS technologies.) 
At present, CO2-EOR is not directed towards effective 
storage of CO2 but the techniques can be modified to 
improve carbon sequestration. 

There is a growing scientific consensus that anthro- 
pogenic CO2 is driving detrimental climate change.”® 
Moreover, the Intergovernmental Panel on Climate 
Change (IPCC) Special Report on CCS indicates that 

10 Oreskes, N, “The Scientific Consensus on Climate Change," 
Sctence 306 (3 Dec. 2004); 1666. 


including it in a mitigation portfolio could help sta- 
bilize CO2 concentrations in the atmosphere (at dou- 
ble the pre-industrial level) with a cost reduction of 
30 percent or more, compared to other approaches.” 
More recently, the UK’s Stern Review estimated that 
the cost of meaningful mitigation — maintaining 
atmospheric levels of CO2 at no more than double 
the pre-industrial levels — ^would amount to about 

I percent of global GDP. Doing nothing, on the 
other hand, would likely incur a cost greater than 

II “IPCC Special Report on Carbon Dioxide Capture and Stor- 
age," Intergovernmental Panel on Climate Change, Interlachen 
(2005), available atbnp://wwav.ipcc,t:h/, 

12 “Tbe Stem Review of tlje Econonncs of Climate Change," avail- 
able at bttp;.'/w\\’w.iTiT!-n'easiirv’.gDv,uk/indepi'ndeni_revitnvs/ 
stern_re\4ew’_pconoroics_ climate.. change-' s}cm_,rt’vievv.,.repr)ri.. 
cfrn. 



• •fr; > 






TABLE 3-2. Summary of Carbon Capture and Sequestration Technologies in Priority Order 
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TABLE 3’3. Summaiy of Carbon Capture and Sequestration Technologies 
in Time/Priority Order, with Time Frame to Commercial Use 


5 percent of world GDP, with a worst-case estimate 
of 20 percent, to ameliorate the damage caused by a 
deteriorating climate. These studies indicate that the 
financial risk to the nation of delaying action is now 
so high that a concerted emphasis on CCS is already 
strongly warranted. 

Summary: Technical Issues 

Tables 3-1, 3-2, and 3-3 describe the basis for expe- 
rience relevant to commercial CCS, current technolo- 
gies in priority order, and future technologies in time/ 
priority order, with time scales to commercial use. 


Technology today is well-understood and effective 
and can probably deliver what is needed. However, 
there are some outstandingtechnical issues: 

• Novel, lower-cost capture technologies 

• Inte^ation andfit-for-purpose deployment ofmon- 
itoring and verification 

• Well-leakage characterization and mitigation 

• Protocols for site characterization 

• Technical basis for operational protocols and risk 
characterization. 
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Summary: Nontechnical Issues 

Given the scope of commercial CCS, there are many 
issues that are not technical, perse, but relate to 
technical readiness and ways to maximize early 
investment: 

® There is a high likelihood of a critical gap in human 
capital. Currently, workers who can execute CCS 
are the same as those employed in oil and natu- 
ral gas exploration and production. In a carbon- 
constrained economy, there will not be enough 
skilled workers to go around. This is particularly 
true for geoscientists, but also true for chemical 
and mechanical engineers. 

® Development of a comprehensive set of energy pol- 
icies and strategies is critical to provide certainty to 
make investment decisions. 

* The legislative and regulatory framework within 
which CCS is conducted tvill have a major impact 
on how rapidly the technology is implemented 
and ultimately will determine tvhether CCS can 
effectively mitigate carbon emissions and provide 
access to future hydrocarbon supplies. A section of 
the C!;CS 'Fopic Refsort is devoted to regulatory issues 
and details the various aspects of regulation that 
will be critical to the success of CCS. 

• It is not clear that the science and technology pro- 
grams in place today will provide answers required 
by regulatorsand decision makers. Greater dialogue 
between individuals working with technology and 
those developing a regulatory framework would 
help to reduce unnecessary regulation and guide 
R&D goals toward the most immediate needs. 

® Infrastructure to transport CO 2 , such as pipelines, 
is essential for commercial deployment. However, 
there is concern that pipelines for early project 
opportunities will not be able to carry additional 
future projects. Incentives and government action 
for this infrastructure can help to build networks 
sufficient to support large-scale, commercial CCS 
deployment in the United States. 

CONVENTIONAL WELLS 
(INCLUDING EOR AND 
IN THE ARCTIC) 

Large volumes of technically recoverable, domes- 
tic oil resources — estimated at 400 billion barrels — 


!82 


remain undeveloped and are yet to be discovered, 
from undeveloped remaining oil in place of over 
a trillion (1,124 billion) barrels (Figure 3-7). This 
resource includes undiscovered oil, stranded light oil 
amenable to CO^-EOR technologies, unconventional 
oU (deep heavy oil and oil sands), and newpetroleum 
concepts, such as residual oil in reservoir transition 
zones. As the leader in EOR technology, the U.S. oil 
industry faces the challenge of further applying this 
technology towards economically producing the 
more costly remaining domestic oil resources. 

While pursuing this remaining domestic oil- 
resource base poses considerable economic risk and 
technical challenge to producers, developing the 
technical capability and infrastructure necessary 
to exploit this resource reduces our dependence on 
foreign energy sources andhelps our domestic energy 
Industry maintain worldwide technical leadership. 





GROWTH (ONSHORE RESERVES 

AND OFFSHORE) 14% 2% 


Source: Kuuskraa, V.A., "Undeveloped Domestic Oil Resources: 
The Foundation for Increasing Oil Production and a 
Viable Domestic Oil Industry," prepared for the 
U.S. Department of Energy, Office of Fossil Energy- 
Office of Oil and Natural Gas, Advanced Resources 
Internationa! (2006). 

FIGURE 3- 7, Original, Developed, and Undeveloped 
Domestic Oil Resources 
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The Conventional Wells Topic Report examines the 
current state of technology relating to conventional 
oil and natural gas wells, including enhanced oil 
recovery (EOR) and arctic resources, and makes 
projections on how technology could influence these 
businesses in the future (Figure 3-8). 

The size and nature of the original, developed and 
undeveloped domestic oil resources are included 
in Table 3-4. Note that the domestic oil resources 
described in this report do not include oil shale. As 
points of comparison with this table, current proven 
crude-oil reserves are 22 billion barrels and annual 
domestic crude-oil production is about 2 billion 
barrels. 

Of the 582 billion barrels of oil in place in discov- 
ered fields, 208 billion barrels already have been 
produced or proved, leaving behind 374 billion bar- 
rels. A significant portion of these 374 billion bar- 
rels is immobile or residual oil left behind (stranded) 
after application of conventional (primary and sec- 
ondary) oil-recovery technology.'^ With appropriate 
EOR technologies, 1 10 billion barrels of this stranded 
resource from already discovered fields may become 
technically recoverable, although the conditions for 
economic recoverability will change over the study 
period to 2030. 

UndivScovered domestic oil is estimated to be 
360 billion barrels in place, with 119 billion barrels 
(43 billion barrels from onshore, 76 billon barrels 
from offshore) being recoverable with primary or 
secondary recovery. Application of advanced EOR 
could add another 60 billion barrels of technically 
recoverable resource from this category. 

Future reserve growth in discovered oil fields could 
amount to 210 billion barrels of oil in place, with 
71 billion barrels (60 billion barrels from onshore and 
11 billion barrels from offshore) being recoverable 
with primary and secondary recovery. Application of 
advanced EOR could raise this technically recoverable 
volume by up to 40 billion barrels. 

With advances in thermal EOR technology, domes- 
tic oil sands holding 80 billion barrels of resource in 
place could provide up to 10 billion barrels of future 
technically recoverable domestic oil resource. 

13 Although the definitions vary, simply speaking, primary recov- 
ery cojnes from a reservoir's natural energy, while secondary 

recovery involves flooding with water or gas. 



FIGURE 3-8. SeismicVessel in Iced-ln Conditions 


The estimates of remaining, recoverable, domestic 
oil resources from undiscovered and reserve growth 
are from the national resource assessments by the 
United States Geological Survey (USGS) and the U.S. 
Miner^s Management Service (MMS). The estimates 
of recoverable oil resources using EOR technology 
on stranded oil and oil sands are based on work by 
Advanced Resources International for DOE/FossH 
Energy’s Office of Oil and Natural Gas. 

Since the preparation and publication ofthe Kuusk- 
raa paper that provided a basis for this report, con- 
siderable additional work has been completed by the 
author’s firm that further confirms the estimates of 
undeveloped U.S. oil resources. A total of 10 domes- 
tic oil basins and areas have now been assessed (up 
from the original 6). These 10 assessments indicate 
that the technically recoverable oil resource from 
application of “state-of-the-art” CO 2 -EOR is 89 bil- 
lion barrels. The earlier estimate of 80 billion barrels 
for applying EOR to the stranded Hght oil resource has 
been updated to 90 billion barrels (rounded off), as 
shown in Table 3-4. 
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• Does not include oU shale. 

t Technically recoverable resources rounded to the nearest 10 billion barrels. 

$ Based on ten basin-oriented assessments and residual oil zone resource potential highlighted in reports released by the Department of 
Energy Office of Fossil Energy in February 2006. VA Kuuskraa provided the updated EOH technology numbers for this table. 


Sources; This table updates numbers from a table of U.S. oil resources recovery potential in a report from Advanced Resources Internationa) 
by VA Kuuskraa, "Undeveloped Domestic Oil Resources: The Foundation for Increasing OU Production and a Viable Domestic Oil 
Industry.” prepared for the U.S. Department of Energy’s Office of Fossil Fuel in February 2006, and available at hitp://www,fossil.energ\r, 
gov/pr(:)gnv!ns/oilgas/iivibl!c:iiio.(.ts/eor....co2/Undcvcl<>p(‘i.l OiLDocumenl.pdT The updated numbers are available from ARI at !utp;//ww w; 
fossil, eoei'gy.)pv/programs/oilgas/pub)ioation.syeor,.co2/G_-_UpdatccLD..S_OiLRcsources...Table,...2-i. pdf. Note that the FJA estimates 
of remaining reserves are lower than those used here, see information in the NPC data warehouse and !rtrp;//toiiio.eia,doe.gov/dMav/pet/ 
pei,..c!'d prfc^s.dcvi NUS„ji.hiin. 


TABLE 3-4. Original, Developed, and Undeveloped Domestic Resources (Billions of Barrels) 


New work on the transition/residual oil zone 
resource documents the presence of 42 billion barrels 
of this category of oil in place in just three domestic oil 
basins (Permian, Big Horn, and Williston). Detailed 
reservoir simulation assessment shows that about 
20 billion barrels of this oil in place could become 
technically recoverable by applying COrEOR. This 
work provides support to the transition/residual 
oil zone resource estimate of 100 billion barrels in 
Table 3-4 and indicates that an important portion of 
this resource may become recoverable. 

Finally, the author and his firm took an in-depth 
look at the additional oil recovery from applying 
"next-generation" CO 2 -EOR technology. This work 
shows that combining: (1) advanced, high reservoir 
contact well designs; (2) mobility and miscibility 


enhancement; (3) large volumes of CO 2 injection; 
and (4) real-time performance feedback and pro- 
cess control technology could bring about “game 
changer” levels of improvement in oil recovery effi- 
ciency. This work provides support that a national 
average oil recovery efficiency target of 60 percent 
could become realistic, assuming a successful pro- 
gram of advanced technology development, afford- 
able supplies of CO 2 and other EOR injectants, and 
appropriate risk-mitigation policies, such as federal 
and state tax incentives to help overcome the risk 
of applying these new technologies. The NPC stud- 
ied EOR in 1976 and 1984, and raised great expecta- 
tions for domestic EOR activity (projecting 3 million 
and 2 million barrels per day, respectively). These 
expectations have not been met. Peak domestic EOR 
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TABLE 3-5. Summary of Highly Significant Technologies for Conventional Wells 


production occurred in 1992 at 761^000 barrels per most failed. Two successes are COa-miscibie floods 

day. Current activity is 680,000 barrels per day. In and steam (cyclic, steam-assisted gravity drainage, 

the interim, many technologies have been tried, but and steam flood). 
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A broad portfolio of oil-recovery policies and tech- 
nologies, plus targeted risk-mitigation incentives, 
would help industry convert these higher-cost, unde- 
veloped domestic oil resources into economically 
feasible reserves and production. Table 3-5 lists the 
future technologies that study participants believed 
wili provide the greatest Impact on conventional 
wells, including EOR and arctic. 

EXPLORATION TECHNOLOGY 

Exploration technology has evolved significantly 
since 1859, when the first commercial oil well in the 
United States was drilled adjacent to an oil seep in 
Pennsylvania. Perhaps the most significant tech- 
nological advance was the development of two- 
dimensional (2D) reflection seismology in the 1920s. 
The emergence of 2D seismic lines with improved 
processing led to the discovery of many of the world’s 
largest oil and natural gas fields in the following 
decades. In the 1990s, three-dimensional (3D) seis- 
mic technologies became the industry standard, with 
improved resolution and characterization of the sub- 
surface geology. Today, new ways of looking at seis- 
mic data focus on specific attributes and derivative 
properties that enhance identification of hydrocar- 
bon prospects (e.g., direct hydrocarbon indicators) as 
well as computer tools that aid in quantitative inter- 
pretation of rock and fluid properties. 

Improvements in exploration technology have had 
a significant impact on discovering resources, reduc- 
ing finding costs, and improving exploration success 
rates both in the United States and globally.” Thanks 
to technological improvements, costs for 3D seismic 
acquisition and processing fell by almost a factor of 
5 from 1990 to 2001 (Figure 3-9).**-*® Despite the sub- 
stantial improvements in exploration technology and 
reduction in deployment costs since the 1970s, oil 
and gas explorers have not maintained the high dis- 
covery volumes of that earlier period. This decrease 
came despite the increased amount of 3D seismic 
surveys being shot over the period. Several authors 

14 Boutte, D. "The Role of TechnoIogy in Shaping the Future of the 
E&P Industry." The Leading Edge 23, no. 2 (2004): 156-158. 

1 5 Voola, I, "Technological Change and Industry Structure: A Case 
Study of the Petroleum Industry," Economics of Innovation and 
New Technology 15, no. 3 (2006): 27].-2a8. 

16 Voola, UR. Osaghae, 0, and Khan, ]A, “Risk Reducing Technol- 
ogy and Quantity Competition: The Seismic Story," paper SPE 
86583 presented at the SPE Asia Pacific Oil and Gas Conference 
and E)d\ibition, Perth, Australia {October 18-20, 2004). 





FIGURE 3-9. Graphic of Towed Seismic Streamers 


concluded that improved exploration and exploita- 
tion technology has prevented a more drastic decline 
in discovery volumes.’^ 

Some authors have suggested that improved meth- 
ods of exploring for unconventional resources might 
reverse the trend; however, it should be noted that 
many unconventional resources have already been 
discovered and await new exploitation technologies. 

The fiiture of exploration technologies is bright, but 
it is still likely that the volumes of hydrocarbons dis- 
covered with time will continue to decrease, as shown 
historically in Figure 3-10, although the exploration 
success rate may continue to improve.'” The Explo- 
ration Technology Topic Report identified five core 
exploration-technology areas in which future devel- 
opments have the potential to significantly improve 
exploration results over the next 25 years: 

• Seismic technology — High- and ultrahigh-density 
acquisition technologies have great potential for 

17 Cuddington, JT and Moss, DL, “Technological Change, Deple- 
tion and the U.S. Petroleum Industry: A New Approach to Mea- 
surement and Estimation,” Georgetown University Working 
Paper #96-10R (1998). 

18 Bahorich, M, “End of Oil? No, It’s a New Day Dawning,” Oil & Ckis 
Journal (August 21, 2006): 30-34. 
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advances. Rapid data processing could signifi- 
cantly improve seismic resolution of complex sub- 
salt, deep, or subtle geologic features. 

9 Controlled source electromagnetism (CSEM) — 
CSEM identifies subsurface hydrocarbon accumu- 
lations through a contrast in resistivity between 
hydrocarbon-saturated and water-saturated reser- 
voirs. Two key potential improvements are: 

- Development of fast 3D modeling and inversion 
to reduce the number of erroneously identified 
“anomalies” (false positives)’^’ 

- Extension of the technology to shallow- water and 
onshore settings. 

* Interpretation technology — Interpreters struggle 
with the sheer volume and complexity of data and 
the need for increasingly quantitative interpreta- 
tions. Two advances that could have significant 
results are: 

- Better integration of geophysical and geologic 
data to develop quantitative interpretations 

19 Inversion is a mathematical process by which data are used 
to generate a model that is consistent with the data. See www. 
gkissfiry.oilfioki.sib.coTTi/Display.cfm'nerm-inwrsion. 


- Development of seismic search engines to 
interrogate increasing data volumes.^*’ 

• Earth-systems modeling — Modeling natural sys- 
tems of basin formation, fill, and fluid migration 
is becoming increasin^y common. Advances in 
modeling more-integrated earth systems along 
with capturing uncertainties in potential sce- 
narios and parameters could significantly help 
explorationists to identify new plays (areas for 
exploration) and “sweet spots” (localized explora- 
tion targets). 

• Subsurface measurements — Measurement of sub- 
surface properties (fluid type, porosity, perme- 
ability. temperature, etc.) is crucial to exploration 
success. Advances in sensor types, durability, sen- 
sitmty, and deployment could improve exploration 
programs significantly by identifying both pen- 
etrated and bypassed “pay,” that is, economically 
producible hydrocarbons that may or may not have 
been intercepted by a wellbore. 


20 Barnes, A, “Seismic Attributes in Your Facies," CSBG Recorder 
(September 2001): 41-47. 
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FIGURE3-10. EvolutionofOilDiscoveryVolumeswith Time 
(Total Discovered Resources to End-2004, excluding United States and Canada) 
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This Exploration Technology Subgroup highlighted 
unconventional resources as a special category in the 
early stages of understanding (both exploration and 
exploitation) to which many of the core exploration 
technologies could potentially be applied. Two key 
advances could improve the effectiveness of explora- 
tion for unconventional resources: 

® Improved measurement capabilities and predictive 
modeling of the geologic factors controlling hydro- 
carbon distribution and deliverability. 

® Significant improvements in exploration or exploi- 
tation technologies that could help define explora- 
tion targets (“sweet spots”) and the technologies 
needed to identify them. 

The Expiorollon Technology Topic Report also iden- 
tified auxiliary technologies in which future develop- 


ments or applications have the potential to signifi- 
cantly improve exploration results by 2030: 

• Drilling technology — Projected technical advances 
could improve the ability to tap new environments 
and encourage more exploration drilling of higher 
risk, new play types via reduced drilling costs. 

• Nanotechnology — The most likely opportunities 
for applications are in increased sensor sensitivity, 
improved drilling materials, and faster and more 
powerful computing. 

• Computational technology — Improvements in 
speed, memory, and cost will impact data acquisi- 
tion, processing, and interpretation industry-wide. 

Research into technologies that could mitigate 
potential environmental impacts will continue to 


TrcIwsiwiEV 




lII.iSi. lii'.ilS I 

J’... 






• llr ■! . Ii>i >1 , ! 1 || • - 

■ >'11)1 I r lT'1 ii) Tin ••hi' h i 

• r,. . > tnii* [III' R.r ■ r l•‘-•r‘ . 'f :.&•■• rLit.Py 

*' r > II S h I [ lltf “ lllti ll|j - Mriri^'ir -* -IJfrT 

r'« li'hiKt .tMIl'llkl .KlI LlC(pBJ.L lUEFkl Ilirtbu 
_ -..^.s-rns Ifu t : . m t < , -.-r mUS! FEW dt . 

Ml k, Eiii,, u ttEiititi blip. Ekit Krtrailfs, -bHncl 

spBte'^ fees?#® tt. t-ijiff riElemMr-'tffftnte bn-'w bw-b i 

gH-tsijEji j- -PPHiipra Ir, (Hlifng 

siifcess tft di:' CuH >34 Mc-HpELtL F Etbuji'Et PEubiiiEtt ,bil4|l;EEb|ij 
,* b, ferijnar Eb^E>3r-E-,ji*E!t pjppppjjf 


lEti 't - 
ir.l 1 


E CSM fie fhprrtnepspF brEIMra!*EE WT'EMEm » 

. ili.ri,.. .L. , 

ll ., I II, littir-- III - :-il‘ i '• -,.F . T 

'.b , I . ■- in II I' I" I ri » [. ■- . I;.. . 

> [1--- '.I.', 1 - : .'-I'-i p- I 

. -[..-.In [. .i.'F- ■ 1 . - -.1.1 


-=- - ’.! 
.1 I _ .l'__ 

ji.', r r - -i-r 

r I - • -® 


thij- 


nes*"* i"»7 "I "“i r-*."-* i i r i *■ 

... . -r’l -= 


TABLE3-6. Summary of Highly Significant Nmrer-Term (by 2010) Exploration Technologies 


1 188 


Facing the Hard Truths about Energy 


557 



LOW MEDIUM HIGH 

POTENTIAL ACHIEVABILITY 

Note: CSEM = controlled source electromagnetism. 


FIGURE 3-1 1. Potential Impact versus Achievability for Nearer-Term 
Exploration Technology Advances 



LOW MEDIUM HIGH 

POTENTIAL ACHIEVABILITY 

Note: CSEM = controlled source electromagnetism. 


FIGURE 3-12. Potential Impact versus Achievability for Longer- Term 
Exploration Technology Advances 


Chapter 3 - Technology 


189 



558 





TABLE 3-7. Surnmaiy of Highly Significant Longer- Term Exploration Technologies 


be important. Examples of active areas of research 
include: 

* Mud recovery without a riser from seabed to sur- 
face, which reduces discharge 

* Ultra-extended-reach drilling, which can help avoid 
sensitive surface environments 

* Research into seismic sources that are alternatives 
to the conventional seismic airgun arrays. 


Complementary research efforts on marine biol- 
ogy and other topics could provide better data to 
improve informed-risk assessment, public debate, 
and informed decision-making by regulatory agen- 
cies. 


Significant nearer-term technologies are outlined 
in Table 3-6 and Figure 3-11, with longer-term tech- 
nologies described in Table 3-7 and Figure 3-12. 


* 
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DEEPWATER TECHNOLOGY ♦ 

Deepwater oil and natural gas resources are con- 
ventional reserves in an unconventional setting. 
They constitute a resource class of their own, largely 
because they face a common set of technolo^cal 
challenges as they are identified, developed, and pro- 
duced (Figure 3-13). 

The U.S.GulfofMexico represents aclear case where 
the more we know, the more attractive the oppor- 
tunities for oil exploration and discovery hecome. 
Figure 3-14 illustrates that our appreciation for the 
scope of the potential total Gulf of Mexico resource 
has grown dramatically as deepwater production has 
come online.^' 

Deepwater exploration is a success for both tech- 
nology and policy that is still in the making. The data 
continue to support significant scope for economic 
oil and natural gas resource development in both U.S. 


21 Report to Congress: Comprehensive Inventory of U.S. OCS 
Oil and Natural Gas Resources, Energy Policy Act of 2005 - 
Section 357. Available at vvwv.m)n.s.gov7revajdiv/PDFs/ 
l'inaHr)vRpv'!b{';ongre.ss9501(Mi.pd}'. 



FIGURE 3-13. Offshore Platforms 


and global deep oceans. Ahead lie four top-priority, 
deepwater-specific technological challenges: 

1. Reservoir characterization: predicting and monitor- 
ing the production behataor of increasingly com- 
plex reservoirs with fewer — but more costly — direct 
well penetrations. 
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: Report to Congress: Comprehensive Inventory of U.S. OCS Oil and Natural Gas Resources, 

Energy Policy Act of 2005 - Section 357. 

FIGURE 3-14. U.S. Gulf of Mexico Oil and Natural Gas Resource Endowment 
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2. Extended system architecture: subsea systems for 
flow assurance (the ability to produce and move 
fluids to surface), well control, power distribution 
and data communications that improve recovery 
and extend the reach of production hubs to remote 
resources. 

3. High-pressure and high-temperature (HPHT) com- 
pletion systems: materials and equipment to reli- 
ably produce the growing number of deepwater 
resources in corrosive environments with extraor- 
dinary pressures and temperatures. 

4. Metocean (combined meteorological and oceanic) 
forecasting and systems analysis: integrated mod- 
els to predict both atmospheric and below surface 
“weather” and engineering system response. 

Within these four priority areas, HPHT comple- 
tion systems and metocean forecasting and systems 
analysis represent opportunities for practical gov- 
ernment and industry cooperation. Accelerating 
progress in HPHT service is likely to cost hundreds 
of millions of dollars over many years. Excellent 
potential exists to transfer or co-develop funda- 
mental materials science and engineering technol- 
ogies across industry boundaries — most notably 
aerospace and military (especially naval). Thus, 
although these are domains of intentional industry 
pursuit, there is compelling scope for collaborative 
research in academia and government labs. Theo- 
retical developments for both the weather and engi- 
neering systems could be accelerated with a few 
millions of dollars. Development and operation of 
regional data-acquisition technologies and associ- 


ated predictive capabilities will likely cost tens to 
hundreds of millions of dollars. 

Additionally, it is importantto understand that deep- 
water technology is tightly related to topics covered 
by other NPC Technoiog}'^ Topic Papers (Table 3-8). 
We have also identified two issues that we conclude 
are critical to the continued successful development 
of oil and natural gas resources in ever-harsher ocean 
environments (Table 3-9). 

Marine sciences and engineeringis a specialty field 
in which many disciplines (e.g., mechanical and civil 
engineering) can be taught to apply known tech- 
niques. However, the few small centers of excellence 
that have historically trained the leading marine 
thinkers, conceptualizers, and innovators are disap- 
pearing due to university competition for research 
in information-, nano-, and bio-technologies — MIT, 
Michigan, and Berkeley, for example. The U.S. Navy 
has also recognized this nationally important con- 
cern. Improving the current situation is likely to cost 
tens of millions of dollars for top-tier universities in 
ocean sciences and marine engineering. 

A second key issue, policies about access to acre- 
age for the purposes of oil and natural gas exploration 
and development, raises complex matters. However, 
access to acreage with potential for economic oil 
and natural gas resources is itself a major — perhaps 
primary — driver encouraging technology develop- 
ment. For example, the onset of area-wide leasing 
for the U.S. Gulf of Mexico in the early 1980s led 
to significant acceleration of interest in deepwater 
regions. 
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TABLE3-8. Summary of Technologies Related to Deepwater Technology, in Priority Order 
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TABLE 3-9. Summary of Key Deepwater Issues, in Priority Order 


The coming decade will be pivotal for determin- 
ing our ability to safely and economically develop 
the energy resource endowment in U,S. and ^ohal 
oceans. At the very time the drive to ultra-deep waters 
is increasing both the magnitude and complexity of 
the challenge, the technological capacity of the work- 
force faces untimely impairment by “tbe big crew 
change.” Tbe future of deepwater exploration and 
production depends on industry and governments 
successfully co-navigating this linked technology and 
policy transition. 

UNCONVENTIONAL NATURAL 
GAS RESERVOIRS— TIGHT GAS, 
COAL SEAMS, AND SHALES 

Unconventional natural gas resources — including 
tight sands, coalbed methane, and gas shales — con- 
stitute some of the largest components of remaining 
natural gas resources in the United States. Unconven- 
tional natural gas is the term commonly used to refer 
to low-permeability reservoirs that produce mainly 
natural gas with little or no associated hydrocarbon 
liquids. Many of the low-permeability reservoirs that 
have been developed in the past are sandstone, but 
significant quantities of gas are also produced from 
low-permeability carbonates, shales, and coal seams. 
One way to define unconventional natural gas is 
that "the reservoir cannot be produced at economic 
flow rates nor recover economic volumes of natural 
gas unless the well is stimulated by a large hydraulic 
fracture treatment, a horizontal wellbore, or by using 
multilateral wellhores.”^^ 


22 Iloiditch, SA, “Tight Gas Sands,” SPE Paper 103356, Distin- 
guished Author Series (2006). 


Research and development on the geologic con- 
trols and production technologies required to evalu- 
ate and produce these unconventional natural gas 
resources have provided many new technologies dur- 
ing the past several decades. New technologies have 
enabled operators in the United States to unlock the 
vast potential of these challenging resources, boost- 
ing production levels to about 30 percent of current 
U.S. natural gas production (Figure 3-15), 

Around the world, unconventional natural gas re- 
sources are widespread but. with several exceptions, 



FIGURE3-I5. Land Drilling Rig 
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they have not received close attention from natural 
gas operators. This is due, in part, because geo- 
logic and engineering information on unconven- 
tional resources is scarce, and natural gas policies 
and market conditions have been unfavorable for 
development in many countries. In addition, there 
is a chronic shortage of expertise in tlie specific 
technologies needed to successfully develop these 
resources. As a result, only limited development has 
taken place to date outside North America. Inter- 
est is growing, however, and during the last decade 
development of unconventional natural gas res- 
ervoirs has occurred in Canada, Australia, Mexico, 
Venezuela, Argentina, Indonesia. China, Russia, 
Egypt, and Saudi Arabia. 

Many of those who have estimated the volumes of 
natural gas in place within unconventional gas res- 
ervoirs agree that it is a large resource (Table 3-10). 
Using the United States as an analogy, there is good 
reason to expect that unconventional gas reservoir 


production will increase significantly around the 
world in the coming decades. 

Tight Gas Sands 

From a global perspective, tight gas resources can 
be considered vast, but undefined. No systematic 
evaluation has been carried out on global emerging 
resources. The magnitude and distribution of world- 
wide resources of natural gas in ti^t sands, as well as 
gas shales and coalbed methane formations, have yet 
to be understood. 

From almost no production in the early 1970s, 
today unconventional resources, particularly tight 
sands, provide almost 30 percent of domestic natural 
gas supply in the United States. The volumes of natu- 
ral gas produced from U.S. unconventional resources 
are projected to increase in importance over the next 
25 years, reaching production levels as high as 22 bil- 
lion cubic feet per day (Figure 3-16). 
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Source: Kavvata and Pujita, “Some Preiliclions of Possible Unconventional Hydrocarbons Availability Until 2100,” Society of Petroleum 
Engineers, SPE Paper 6875.5, 2001, 


TABLE 3-10. Distribution of Worldwide Unconventional Natural Gas Resources (lYillion Cubic Feet) 
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Source; Energy Information Administration, 2005. 

FIGURE 3-16. U.S. Unconventional Natural G{ 2 s Production and Future Projection 


Coal Seams 

Coalbed methane (CBM) perhaps best exempli- 
ties how technology can influence the understanding 
and eventual development of a natural gas resource. 
While natural gas has been known to exist in coal 
seams since the beginning of the coal-mining indus- 
try, only since 1989 has significant production been 
realized (Figure 3-17). 

CBM is a resource that was drilled through and 
observed for many years, yet never produced. New 
technology and focused CBM research ultimately 
unlocked the production potential. CBM now pro- 
vides more than 4.4 billion cubic feet of natural gas 
production a day in the United States, and is under 
development worldwide, including the countries of 
Canada, Australia, India, and China. 

In many respects, the factors controlling CBM pro- 
duction behavior are similar to those for conventional 
natural gas resources, yet they differ considerably in 
other important ways. One prominent difference is 
the understanding of the resource, especially the val- 
ues of gas in place. Natural gas in coal seams adsorbs 
to the coal surface, allowing for significantly more to 
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be stored than in conventional rocks amid shallow, 
low-pressure formations. To release the adsorbed gas 
for production, operators must substantially reduce 
the pressure in the reservoir. Adsorbed gas volumes 
are not important for conventional gas resources, but 
are critical for CBM reservoirs. Significant research 
was required in the 1990s to fully understand how 
to produce the adsorbed gas in coal seams, and to 
develop the technology required to explore for — and 
produce — CBM reservoirs. 

A major difference between CBM reservoirs and 
sandstone gas reservoirs is that many of the coal 
seams are initially saturated with water. Thus, large 
volumes of water must be pumped out of the coal 
seams before realizing any significant gas produc- 
tion. This water production reduces the pressure so 
desorption will occur. The technology developed 
in the 1990vS for understanding and dewatering coal 
seams allowed significant CBM development in sev- 
eral U.S. geologic basins. 

Shale Gas 

Shale rocks act as both the source of the natural gas 
and the reservoir that contains it. Natural gas is stored 
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Source; iHS Energy. 


FIGURE 3-17. Natural Gas Production from Coal Seams in the United States 


in the shale in three forms: free gas in rock pores, free 
gas in natural hactures, and adsorbed gas on organic 
matter and mineral surfaces. These different storage 
mechanisms affect the speed and efficiency of gas 
production. 

Shale gas production in the United States has 
shown that stimulation techniques, especially 
hydraulic fracturing, are almost always necessary 
for shale gas production. Other important technol- 
ogy advances include applying horizontal and direc- 
tional drilling, and characterizing reservoirs. For 
wells in the Barnett Shale (near Fort Worth, Texas), 
using technology currently available, the per-well 
recovery factor averages 7 percent of the gas in place. 
This is far below a potentially achievable 20 percent 
recovery factor. 

In areas with limited surface access and landowner 
restrictions, horizontal drillinghas been applied. Hor- 
izontal wells provide greater wellbore contact within 
the reser\'oir rocks than do vertical wells. Microscis- 
mic fracture mapping has also been successfully used 
to improve the evaluation of hydraulic fracturing in 
tlie horizontal wells. 


Tables of Advances 

Tables 3-11, 3-12, and 3-13 describe current tech- 
nology under development and that which needs to 
be developed and used in future years. These tables 
indicate only the high-impact technologies; others 
are described in the Unconventional Gas Topic Paper. 
The priority was determined by estimating the dif- 
ference in impact between a business-as-usual case 
and an accelerated-technology case. High impact 
includes those technologies having greatest possibili- 
ties for producing more gas or reducing cost, while for 
moderate impact effectiveness is lesser or is more dif- 
ficult to measure. 

The amount of research and development needed 
to fully develop a given technology is described in 
these tables as follows: 

• Incremental — research and development as usual 

• Accelerated — research and development as usual, 
but with a major increase in funding (factors of 3 to 5) 

• Breakthrough — substantial increase in funding 
(factors of 10 to 100) and more use of consor- 
tiums. 
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TABLE 3-11. Summary of Currently Developing Technologies far Unconventional Natural Gas from Now to 2010 
(Those with High Significance Only) 
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TABLE 3-12. Summary of Technologies Anticipated for 2020 (Those with High Significance Only) 



TABLE 3’13. Summary of Technolo^es Anticipated for 2030 (Those with High Significance Only) 
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UNCONVENTIONAL 
HYDROCARBONS: HEAVY OIL, 
EXTRA-HEAVY OIL, AND BITUMEN ♦ 

Heavy oil, extra-heavy oil, and bitumen are uncon- 
ventional oil resources that are characterized byhl^ 
viscosity (resistance to flow) and high density com- 
pared to conventional oil. Most heavy oil and bitumen 
deposits originated as conventional oil that formed in 
deep formations, but migrated almost to the surface 
where they were degraded by bacteria and by weath- 
ering, and where the lightest hydrocarbons escaped 
(Figure 3-18). Heavy oil and bitumen are deficient 
in hydrogen and have high carbon, sulfur, and heavy 
metal content. Hence, they require additional pro- 
cessing (upgrading) to become a suitable feedstock 
for a normal refinery. 

The lEA estimates that there are 6 trillion barrels of 
heavy oil worldwide, with 2 trillion barrels ultimately 
recoverable.^^ Western Canada is estimated to hold 
2.5 trillion barrels, with current reserves of 175 bil- 
lion barrels. Venezuela is estimated to hold 1.5 tril- 
lion barrels, with current reserves of 270 billion bar- 
rels. Russia may also have more than 1 trillion barrels 
of heavy oil. Heavy-oil resources in the United States 
amount to 100 to 180 billion barrels of oil, with large 
resources in Alaska (44 billion barrels), California 
(47 billion barrels), Utah, (19 to 32 billion barrels), 
Alabama (6 billion barrels), and Texas (5 billion bar- 
rels). Heavy oil has been produced in California for 
100 years, and currently amounts to 500,000 barrels 
per day of oil. Heavy oil resources in Alaska are being 
developed on a small scale with less than 23,000 bar- 
rels per day of oil in 2003,^'* Heavy oil and bitumen 
resources in Western Canada and the United States 
could provide long-term, stable, and secure sources 
of oil for the United States. Most of these resources 
are currently untapped. 

Heavy oil is also located — and being produced — in 
Indonesia, China, Mexico, Brazil, Ttinidad, Argentina, 
Ecuador, Colombia, Oman, Kuwait, Egypt, Saudi Ara- 
bia, Turkey, Australia, India, Nigeria, Angola, Eastern 
Europe, the North Sea, Iran, and Italy. 


23 Christian Besson, Resources to Reserves, Oil & Gas Technologies 
for the Future, International Energy Agency (2005), p. 75. 

24 Undeveloped Domestic Oil Resources: Tire Foundation for 
Increasing Oil Production and a Viable Domestic Oil Industry, 
Advanced Resources International, I'eb. 2006. p. 12. 18. 
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FIGURE 3-18, High-Viscosicy Heavy Oil Acquired 
by Wireline Sampling 


Exploration technology has minor significance 
since large resources have already been discovered, 
but optimizing production technology Is important. 
Because heavy oil, extra-heavy oil, and bitumen do 
not flow readily in most reservoirs, they require spe- 
cialized production methods. Very shallow oil sands 
can he mined. Slightly deeper deposits can be pro- 
duced by increasing reservoir contact with horizon- 
tal wells and multilaterals (multiply branched well- 
bores), producing the oil with large amounts of sand, 
or by Injecting steam, which lowers the viscosity and 
reduces the residual oil saturation, thus improving 
recovery efficiency (Figure 3-19). In situ combustion 
has also been used to heat the reservoir, but several 
technical and economic challenges limit application 
of this technique. A few reservoirs are sufficiently hot 
that heavy oil can be produced using essentially con- 
ventional methods. 

The production of heavy oil, extra-heavy oil, and 
bitumen is economic at current oil prices with exist- 
ing production technologies. However, heavy oil 
and bitumen sell at a lower price than conventional 
oil because it is more difficult to process the heavier 
crude to create refined products, and because fewer 
refineries have the capability to process it. In addi- 
tion, production is more costly than for conventional 
oil, so the profit margin is less. If an oil company has 
equal access to conventional oil and to heavy oil, 
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FIGURE3-19. Steam-Assisted Gravity Drainage Process for Producing Heaiy Oil 


economics would favor conventional oil. However, There are several barriers to the rapid growth of 
gaining access to conventional oil resources is becom- heavy oil, extra-heavy oil, and bitumen produc- 
ing more difficult in many countries. tion. Open-pit mining has a large environmental 
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TABLE 3-15. Major Heauy-Oil Production Methods, with Time Frame for Commercialization 


impact and can only exploit resources near the 
surface; further, it is a mature technology and only 
evolutionary improvements in efficiency are likely. 
By contrast, there are several commercial in situ 
production technologies, and several more are in 
research or the pilot phase. Many of the in situ pro- 
duction methods require an external energy source 
to heat the heavy oil to reduce its viscosity. Natural 
gas is currently the predominant fuel used to gen- 
erate steam, but it is becoming more expensive due 


to tight supplies in North America. Alternative fuels 
such as coal, heavy oil, or byproducts of heavy-oil 
upgrading could be used, but simply burning them 
will release large quantities of COj. One option is 
gasification with carbon capture and sequestra- 
tion. Nuclear power has also been proposed as a 
heat source, bnt faces societal opposition. Another 
fuel option is using the unconventional oil itself by 
injecting air into the reservoir for in situ combus- 
tion. 
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Other in situ methods are undergoing pilot test- 
ing. Vapex uses a solvent to reduce heavy-oU vis- 
cosity by itself or in combination with steam. These 
could reduce energy requirements and possibly open 
resources that are too deep, in arctic regions, or off- 
shore where steam injection is difficult. Other options 
are generating steam downhole, or directly heating the 
formation by electricity — such as resistance, induc- 
tion, or radio-frequency heating. Research indicates 
that some in situ upgrading may also be possible with 
heat, combustion, solvents, or catalysts. 

Heavy oil, extra-heavy oil, and bitumen projects 
are large, capital-intensive undertakings. This capi- 
tal spending includes the production infrastructure 
and additional upgrading, refining, and transporta- 
tion facilities, plus pipelines for heavy oil and possi- 
bly for CO 2 sequestration. Another issue is obtaining 
a sufficient supply of diluent for moving heavy oil by 
pipeline. These projects also have long operating and 
payback periods, so unstable oil prices can deter long- 
term investments. Skilled people are also required to 
staff these projects. 

Technologies that upgrade value, drive down costs, 
and reduce environmental effects will have the great- 
est influence on increasing the production of heavy 
oil, extra-heavy oil, and bitumen. There are a large 
number of technologies that can achieve these goals, 
but there is no single, simple solution owing to the 
tremendous variety of heavy oil, extra-heavy oil, and 
bitumen resources. 

A list of commercial production methods is shown 
in Table 3-14, and a list ofpre-commerciai production 
methods is in Table 3-15. 

UNCONVENTIONAL 
HYDROCARBONS; OIL SHALE ♦ 

Oil shale comprises a host rock and kerogen. Kero- 
gen is organic matter that has not gone through the 
“oil window” of elevated temperature and pressure 
necessary to generate conventional light crude oil. 
Kerogen has a high hydrogen/ carbon ratio, giving it 
the potenticil to be superior to heavy oil or coal as a 
source of liquid fuel (Figure 3-20). Globally, it is esti- 
mated that there are roughly 3 trillion barrels of shale 
oil in place, which is comparable to the original world 
endowment of conventional oil. About half of this 
immense total is to be found near the common bor- 
ders ofWyoming, Utah, and Colorado, where much of 
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FIGURE 3-20, Shale Core, with Scanning Electron 
Micrograph indicating Kerogen Content 


the resource occurs at a saturation of more than 25 
gallons of product per ton of ore (about 10 percent by 
weight) in beds that are 100 to 1,000 feet thick. Like 
heavy oil reservoirs, oil shale is found near the surface, 
ranging from outcrops down to about 3,300 feet. 

In the past, the most common production technol- 
ogy has been surface mining in conjunction with pro- 
cessing in above-ground retorts. With process tem- 
peratures at about 930®F, these techniques convert 
kerogen to oil in about an hour. This approach has 
the virtue of simplicity, but requires expensive surface 
facilities and the disposal of vast quantities of spent 
rock. Both pose significant economic and environ- 
mental problems. Moreover, raw product quality is 
poor compared to conventional crude oQ; however, 
upgrading using conventional hydroprocessing tech- 
niques yields high-quality finished products. 

The mining and retort method is an old approach 
that could benefit from new technology. Improved 
methods for spent shale remediation would clearly 
make this approach more acceptable. Improved 
retorting methods are also a priority. Innovations that 
allow oil shale to be processed at lower temperature 
without an increase in reaction time would result in 
improved economics and improved product quality. 

An alternative process still in development, in situ 
conversion, has captured the industry’s attention. 
Wells are drilled, and the oil shale reservoir is slowly 
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heated to about 660°F, at which point kerogen is con- 
verted to oil and gas over months. Using an in situ con- 
version process at pilot scale, Shell has extracted a good 
quality middle distillate refinery feedstock, requiring 
no further upgrading. In order to contain nascent flu- 
ids, and to prevent groundwater from seeping into the 
reaction zone, Shell generates a “freeze wall” around 
the production area. Chevron has proposed a simpler 
technique that takes advantage of the low hydraulic 
permeability of oil shale formations to isolate heated 
process volumes from surrounding aquifers. 

Because in situ conversion technology is just emerg- 
ing, it is not yet clear which specific techniques can 
advance the state of the art over the coming decades. 
However, the efficient use of heat is almost certain to 
be an important issue. The ability to map the temper- 
ature and the saturation of generated oil and natural 
gas throughout the reservoir would enable advanced 
control strategies. It will also be useful to monitor the 
freeze wall or low permeability barrier, to ensure that 
there is no fluid mixing between the reaction zone 
and surrounding formations. 

As a domestic source of transportation fuel, oil 
shale could compete with heavy oil and coal-derived 
liquids. Oil shale, heavy oil, and coal are all abundant 
in North America. Canadian tar-sand production is 
already commercial. Coal can be treated with coal- 
derived solvents and gaseous hydrogen at high tem- 
perature to produce high-grade synthetic crude oil. 
An advantage of oil shale is that it has the potential to 
produce a superior liquid fuel product. However, the 
direct and indirect costs for fuel production from oil 
shale have yet to be fully evaluated. 

The estimated time frames in which the commer- 
cial application of potential advances In oil shale 
technologies occur are listed below. 

• 2010 — None. 

® 2020 — Improved methods of shale remediation; 

innovative surface retort architecture and chemis- 
try; and pilot scale in situ conversion methods. 

* 2030 — Large-scale oil shale production. 

UNCONVENTIONAL 
HYDROCARBONS: GAS HYDRATES ♦ 

Gas hydrates constitute a class of crystalline com- 
pounds in which individual gas molecules reside 
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within cages of water molecules. Gas hydrates are 
solids and have physical properties similar to those 
of ordinary ice. They form when a hydrocarbon gas, 
such as methane or a natural gas mixture, comes in 
contact with liquid water at high pressure and low 
temperature. 

Gas hydrates are found within and under perma- 
frost in arctic regions. They are also found within a 
few hundred meters of the seafloor on continen- 
tal slopes and in deep seas and lakes. The reservoir 
architecture, technology needs, and eventual eco- 
nomic importance of hydrates in arctic and marine 
environments may be very different. Therefore tliey 
are considered separately in this report. 

Arctic Hydrates 

Gas hydrates are found within and beneath perma- 
frost on the North Slope of Alaska, in the Canadian 
arctic, and in northern Siberia. Some of these accu- 
mulations are in areas where there has been signifi- 
cant conventional hydrocarbon development, with 
associated modern seismic and well-data surveys. In 
those areas, resources have been quantitatively evalu- 
ated. The results suggest that arctic hydrates have the 
potential to become economically viable sources of 
natural gas. 

The best-documented Alaskan accumulations are 
in the Prudhoe Bay-Kuparuk River area. These con- 
tain about 30 trillion cubic feet of natural gas, which 
is about twice the volume of conventional gas found 
in the Prudhoe Bay field.^^ The proximity to highly 
developed oilfield infrastructure makes the Prudhoe- 
Kuparuk accumulation particularly attractive. The 
absence of a natural gas pipeline to market means 
that currently the gas is stranded. However, even 
without a pipeline, this resource may possibly enable 
the development of the nearby Schrader Bluff and 
Ugnu heavy oil reservoirs, which together amount to 
about 25 billion barrels of original oil in place. 

The main technology barrier is the lack of validated 
methods for economically viable natural-gas produc- 
tion from hydrates. An arctic site capable of support- 
ing multi-year field experiments would provide an 
opportunity for significant progress beyond the pres- 
ent state of knowledge. 

25 Collett. TS, "Energy Resource Potential of Natural Gas Hydrates," 

AAPG Bulletin 66 (2002): 1971-1992. 
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FIGURE 3-21. Sites where Natural Gas Hydrates have been Recovered or are Inferrec 
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Marine Hydrates 

A widely quoted USGS estimate predicts that there 
is twice as much organic carbon in gas hydrates as 
in all recoverable and unrecoverable conventional 
fossil fuel resources, including natural gas, coal, and 
oil.^® Much of this endowment has been thought to 
be located on continental slopes in close proximity 
to major energy-consuming nations (Figure 3-21).^^ 
Estimates of hydrate-bound gas abundance have 
been repeatedly scaled back over the years, although 
large uncertainties remain.^**' 

Worldwide, only a few dozen boreholes have been 
drilled to assess marine hydrate resources. Most of 
these boreholes were drilled offshore around Japan 
in 2004,'*° and offshore from India in 2006. Compre- 
hensive reports of these campaigns are not yet in the 
public domain, so there is a scant record available on 
which to assess the efficacy of exploration paradigms. 
Thus, the main technology barrier is the lack of vali- 
dated means of reliably finding significant marine gas 
hydrate resources. Amulti-site geological and geophys- 
ical exploration program, followed up with a multi-site 
drilling campaign, would accelerate the assessment of 
marine gas hydrates as an energy resource. 

The estimated time frames in which the commer- 
cial application of potential advances in gas hydrate 
technologies occur are listed below. 

• 2010 — None. 

• 2020 — Production methods for arctic reservoirs 
developed through field tests and reservoir simula- 
tion; and broad-based exploration and delineation 
of gas hydrate resources in U.S. waters. 

• 2030 — Production methods for marine gas hydrates. 


26 Kvenvolden, K/\, "Gas Hydrates — Geological Perspective and 
Global Change,” Reviews of Geophysics 31 (199.3): l'^187. 

27 Kvenvolden, KA and Rogers, BW, "Gaia’s Breath — Global Meth- 
ane Exhjilations,” Marine and Petroleum Geology 22 (2005); 
579-590. 

28 Milkov, Ay "Global Estimates of Hydrate-Bound Gas in Marine 
Sediments: How Much Is Really Out There?” Earth-Science 
Reviews 66 (2004); 183-197. 

29 Klauda, JB and Sandler, SI, "Global Distribution of Methane 
Hydrate in Ocean Sediment,” Energy & Fueb 19 (2005): 459-470. 

30 Fujii, T et al„ “Modes of Occurrence and Accumulation Mecha- 
nism of Methane Hydrate - Result of MET! Exploratory Test 
Wells Tokai-oki to Kumano-nada'," Proceedings of the Fifth 
International Conference on Gas Hydrates. Trondheim, Norway 
(2005), 


COAL TO LIQUIDS 

In addition to direct combustion to produce 
heat and power, coal can be used as a feedstock for 
producing liquid and gaseous fuels. The Coal-fo- 
Liquids Topic Report presents the issues associated 
with — and the potential for — coal-to-liquids (CTL) 
and coal-to-gas (CTG) technologies. CTL and CTG 
offer an opportunity for the United States to reduce 
its petroleum imports by producing petroleum prod- 
ucts, such as diesel fuel and gasoline, from domestic 
coal resources. The primary technology reviewed is 
CTL; most reports have focused on CTL due to the 
cost and transportation issues associated with CTG. 
The other important objective included in the Topic 
Report is viewing and understandii^ the inputs and 
assumptions from various publications and the range 
of production estimates from CTG and CTL technol- 
ogy. A large uncertainty exists for CTL due to various 
assumptions including petroleum price and techno- 
logical abilities. The quality of coal and the techno- 
logical ability of converting the coal varied among the 
studies. Key assumptions were left unexamined, such 
as product transportation, labor, equipment avail- 
ability, and environmental risk. 

Overall, the published CTL production estimates 
are small in the total global petroleum market per- 
spective. Even in the most optimistic scenario from 
the Southern States Energy Board (SSEB), the vol- 
ume from CTL amounts to only 20 percent of the 
U.S. petroleum market.’’ The National Coal Council 
(NCC) indicated a 10 percent market share,’’ whereas 
various EIA scenarios had 0 to 6 percent of the U.S. 
market share.” The NCC and SSEB both mentioned 
the added benefit of using the CO 2 for enhanced oil 
recovery (EOR), however the increased oil volumes 
directly associated with using COj from CTL are left 
unmentioned in those reports. The Topic Report dis- 
cusses each of these reports in depth. 

Even though the production estimates are small rel- 
ative to the overall petroleum market, the incremental 


31 "American Energy Security: Biulding a Bridge to Energy Inde- 
pendence and to a Sustainable Energy Future,” The Southern 
States Energy Board, Norcorss, Georgia (July 2006). Accessible 
at\vww.aiTiericanei,M;rg\’«;ecur!ty.org/«t.iKiyrelease.t'tttnt, 

32 “Coal; America's Energy Future,” The National Coal Coun- 
cil, Washington. DC (March 2006). Accessible at (uiti{>na!coaJ 
coitncil-org/repoit/N(X.'HeportV'V)lLiidf'. 

33 “Annual Energy Outlook 2006 with Projections to 2030,” Energy 
Information Administration (February 2006). Accessible at 

w'ww.eia.doe.govfoial'/ardtivcr'aeoOFnadcx.hunS. 
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gains from this technology added to gains from other 
technology areas, such as oil shale, could have a sig- 
nificant effect on U.S. energy cost and import depen- 
dency. The use of coal provides the added benefit of 
relying on a resource that is more plentiful domesti- 
cally than petroleum. However, this reliance must be 
carefully balanced with the economics of developing 
the resource, since CTL facilities can cost more than 
$1 billion for each 10,000 barrels per day of produc- 
tion. This has implications for the competitiveness 
of the U.S. economy within the global economy. 

The primary routes for converting coal to liquid 
products are called direct and indirect liqu^action. 
Both technologies were used by Germany to produce 
fuels before and during Wo rid War TI (direct liquefac- 
tion more extensively). 

From the 1970s through the early 1990s, the U.S. 
Department of Energy conducted research and devel- 
opment related to direct liquefaction. Plans to con- 
struct large demonstration plants based on direct 
coal liquefaction were cancelled during the 1980s, in 
response to concerns about technical risks, increas- 
ing estimates of investment costs, and decreasing 
world oil prices. Additionally, fuels generated by 
direct liquefaction are rich in high-octane aromat- 
iCvS, but current clean-fuel specifications in the United 
States limit the benzene and aromatics content, and 
the toxicity of gasoline. 

In the early 1980s, South Africa’s Sasol Company 
expanded its 1950s production base by building two 
large indirect coal-liquefaction facilides. Currently, 
these two Sasol facilities produce a combined total of 
about 150,000 barrels per day of fuels and chemicals 
using coal as the primary feedstock. 

Dakota Gasification Company’s Beulah plant pro- 
duces about 170 million cubic feet per day of sub- 
stitute natural gas from lignite. In 2000, the plant 
began exporting CO 2 for use in EOR. Currently, about 
95 million cubic feet per day of CO 2 produced at the 
plant are transported via a 205-mile-long pipeline 
to EnCana Corporation’s Weyburn oil field in south- 
ern Saskatchewan. The CO 2 is used for enhanced oil 
recovery, resulting in 5,000 barrels per day of incre- 
mental oil production, or an additional 130 to 140 
million barrels of oil over the life of the project. The 
Weyburn field is the subject of a long-term monitor- 
ing program to assess the final disposition of the CO 2 
being injected in this project. 
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Engineering analyses indicate that co-production 
or polygeneration plants may offer superior economic 
and environmental performance, as compared to 
separate dedicated fuels-only plants. The co-prod- 
ucts most often considered in previous projects and 
studies have been electric power and liquid fuels, 
usually diesel, produced through a process developed 
by Fischer and Tropsch. 

No commercial scale CTLpIanthas been sited or per- 
mitted in the United States. Given that these plants will 
have aspects of both a refinery and a power generation 
facility, it is not clear how quickly this untested permit- 
ting process can be expedited, particularly if oppo- 
nents intervene aggressively. These potential delays 
have associated financial risks to the first plants. 

Unfortunately, at the time of this writing, many 
large construction projects, including GTE, are expe- 
riencing dramatic capital-cost increases from rising 
material costs, skilled-labor shortages, and contractor 
backlogs. It is unclear how long this current trend will 
continue. If these escalations are cyclical, their effect 
on future CTL growth may be marginal. Otherwise, 
they may have a pronounced effect on the construc- 
tion of CTL, especially in the developed world. 

The various reports used to predict the production 
outlook for coal-to-petroleum products differed in 
production range, and all seemed to be missing dis- 
cussions on many significant fundamental variables 
required to develop a sound economic decision. The 
reports discussed variables such as labor, equip- 
ment. product transportation, environmental risk, 
and feedstock only briefly, if that. Though the reports 
had significant analyses showing the large untapped 
resources of coal, practicalities for actually making 
the coal available — such as labor issues and the price 
impact of greater demand — should be investigated 
further before launching a significant coal-to-Iiquids 
program. 

BIOMASS ENERGY SUPPLY ♦ 

Some forecasters have expectations that renewable 
resources will be able to play a significant role in sat- 
isfying future energy demand. Others have a more 
pessimistic view and forecast that they will not make 
up even 2 percent of the total energy mix by 2030.’*'’ 
At Issue is whether agriculture and forestry sources 

34 McNulty, S, “An Unsustainable Outlook,” Financial limes, Oct 20 

2006: 1. 
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can supply food and fiber as well as significant energy 
needs for a growing population. 

In 2001, global primary eneigy consumption was 
396 quadrillion Btu per year (Quad).“ Of this total, 
biomass supplied 43 Quad. This is significantly more 
than the 2 percent predicted to be used by 2030, hut 
is probably overlooked because about 37 Quad of this 
was from traditional heating and cooking. Global bio- 
mass production on the Earth’s land surface is equal to 
4,320 Quad, of which half is lost by autotrophic respi- 
ration and decomposition, leaving 2,160 Quad.^ This 
still would indicate that there is considerable poten- 
tial for biomass to play a role of some type in global 
energy production beyond heating and cooking. 

Numerous studies have been carried out to deter- 
mine the global biomass production that could be 
used to meet some of the world’s energy needs.^^ All of 
the studies have had to deal with the variety of paths 
that biomass takes in the modern world, and have had 
to deal with estimates of global population, changing 
diets, and changes in crop yields. A recent report by 
the Food and Agriculture Organization of the United 
Nations (FAO) has estimated population, food needs, 
and agricultural development for the time between 
2015 and 2030.^® The report covers many of the per- 
tinent factors that will determine whether sufficient 
agricultural output will be available for providing 
food, fiber, and ftiel in the future. 

According to the FAO, agricultural production of 
food and feed will continue to grow at a pace to meet 
the needs of the world population through 2030. Pop- 
ulation growth will continue to decrease during this 
time period and on into the next century. Over the 
last 40 years, food production has been controlled by 
demand rather than supply, leading to a decline of 
almost 50 percent in the value of commodity crops — 
in constant dollars — over this time period. This has 
had a dramatic effect on crop productivity globally: 
crop yields and production have reached the highest 
levels only in countries with farm support programs, 
while third-world production has lagged. 


35 Biomass energy is often measured in exajoules (EJ), where 1.055 
Hi is about a Quad. 

36 Smeets, EMW, Faaij, APC, Lewandowski, TM and Turkenburg, 
WC. “A Quickscan of Global Bio-energy Potentials to 2050," 
Progress in Energy and Combustion Science33 (2007): 56-106. 

37 See Hiofut’is i upic ilepori forthe full list of reports raamined. 

38 Bminsma, J (editor): World Agriculture: Ibwards 2015/2030, An 
FAO Perspectwe. Earthscan Publications Ltd., l.ondon (2003). 


Over the last 20 years, many studies have been 
carried out looking at the potential of agriculture to 
produce both energy and food for the world, if such 
production were optimized. While these studies have 
had varying conclusions, most estimate between 
237 and 474 Quad of biomass energy could be pro- 
duced while still feeding a growing world population. 
The most optimistic studies have as a criterion that 
the global agricultural food production per hectare, 
under equivalent environmental conditions, reaches 
optimal levels. This condition would allow large areas 
of land to become available for energy-crop produc- 
tion. If only waste biomass and dung were used from 
our current agricultural production, an energy supply 
of -95 Quad could be expected. 

Biotechnology is predicted to increase crop pro- 
duction in the next few decades at a faster-than- 
historical rate. This increase is being brought about 
by marker-assisted breeding, which can increase trait 
development by a ten-fold rate over conventional 
breeding. Along with this increased breeding rate, the 
ability to engineer specific new traits into crops will 
bring about remarkable changes in crop production. 
This increase could be expected to double the average 
yield of crops such as corn by 2030. 

Such an increase in the U.S. corn crop would allow 
U.S. corn production to reach 25 billion bushels, 
compared with 11 billion bushels produced in 2005. 
A corn crop of that size would make it possible to 
produce 54 billion gallons of ethanol by conventional 
means. 6 biUion gallons of biodiesel from the corn oil, 
and 21 billion gallons of ethanol from the excess sto- 
ver (e.g., stalks). On top of all of this, 154 million met- 
ric tons of distiller's dried grain would swamp the ani- 
mal feed market that is currently being met by corn 
and soybean production. 

Many of these predictions require that some pres- 
sure be brought upon agriculture to spur production 
globally. The energy market could provide this new 
opportunity for agriculture by speeding investment 
in production. The development of new energy crops 
has the potential to produce even more bioenergy 
per hectare with fewer inputs and more environmen- 
tally friendly production means. This will not happen 
without the development of local conversio n metho ds 
and logistics for efficiently handling the low energy 
density of most biomass feedstocks. 

In the past, first-generation biomass conversion to 
fuels has been based on crops like corn, sugarcane, 
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and soybeans, which are also food sources. Develop- 
ing second-generation biomass conversion technolo- 
gies in the future, such as cellulosic ethanol that uses 
trees and plant waste as a feedstock, would — if tech- 
nically and economically successful — allow non-food 
vegetation to become fuels and improve the energy 
balance. Energy balance is the ratio of the energy out- 
put obtained from a given energy input. 

As with any newiy developed energy sources, cer- 
tain technical, logistical, and market requirements 
must be met for biofuels to achieve any significant 
scale. Challenges include: expanding rail, waterway, 
and pipeline transportation; scaling-up ethanol pro- 
duction plants and distribution systems: develop- 
ing successful cellulosic conversion technology: and 
dealing with water and land-use issues. Collecting and 
utilizing the largest amount of potential biomass for 
conversion into fuels will need new technology devel- 
opment. This includes converting the biomass into 
a storable, stable form near its production site. That 
material would be shipped to a facility that can con- 
vert it into its final fuel form. This technology should 
optimally be able to take a variety of feedstocks in wet 
or dry form. The logistics of collection will demand 
such a complementary conversion technology. 

While agriculture and forestry look like environ- 
mentally sound future-energy sources, this will only 
be true if it is done sustainably. This requires a sys- 
tems approach to ensure that the natural resources at 
our disposal are not depleted. Closed-loop systems 
with energy production linked to meat production 
from the process wastes and methane production 
from the animal wastes generated are attempts at 
such systems. Much research must be done to truly 
understand what the consequences will he of these 
different options. 

NUCLEAR OUTLOOK AND ITS 
IMPACT ON OIL AND NATURAL GAS ♦ 

Nuclear power is a significant contributor to the 
world’s energy supply, representing about 6 percent of 
all energy utilized, and about 16 percent of the world’s 
electricity. Nuclear power is projected to grow in tbe 
future, but this grovsdh could be hampered by adverse 
public perceptions, policies, and economic.s. 

In power generation, nuclear power is an asset 
that provides base-load electric power, meaning that 
nuclear power plants are operating at or near capacity 


all the time. This type of power generation does not 
typically compete with generation from traditional 
oil and natural gas power, which are typically load- 
following: tliat is, they are able to quickly increase or 
lower the amount of power supplied based on fluc- 
tuations in electricity demand. It is because of these 
different types of power systems that nuclear power 
displaces a much greater amount of coal-power gen- 
eration growfth and a smaller amount of oil and natu- 
ral gas generation. 

Over the past 40 years, nuclear power has emerged 
as a significant source of electricity. The major- 
ity of today’s operating nuclear power plants were 
constructed during the 1970s and 1980s. However, 
because of high capital costs and a lack of public 
acceptance due to safety concerns, newnuclear power 
plant construction has significantly declined from its 
peakof200 gigawatts during the decade ofthe 1980s. 

Many forecasts show nuclear power increasing in 
amount of power generation, but declining as a per- 
centage of total electricity generated. The majority of 
nuclear power plant construction is projected to be 
in non-OECD countries, with the majority of growth 
forecast in Asia. The period before 2030 forecasts that 
nuclear power will use existingtechnology fissile reac- 
tors, with more advanced technologies coming online 
after 2030. 

The 2006 lEA World Energy Outlook has a "busi- 
ness as usual” reference case and an alternative pol- 
icy forecast (Figure 3-22). The alternative policy case 
assumes that there is an effort to curtail global warm- 
ing that includes measures to boost the role of nuclear 
power. The reference case forecasts for 2030 that 
nuclear power growth will trail alternative methods 
of power generation by about 3 to 1. The percentage 
of total electricity produced declines from 16 percent 
to 10 percent. In the lEA alternative policy forecast, 
nuclear power grows at a more rapid rate, but it is still 
outpaced by alternative power generation technolo- 
gies, declining from 16 percent to 14 percent of total 
electricity generated. 

The 2006 EIA International Energy Forecast is a 
"business as usual” scenario, with growth in non-OECD 
countries offset by decommissioning of nuclear power 
plants elsewhere. 

With the current forecasts for nuclear power growth, 
it is believed that there is sufficient uranium as fuel 
and that the infrastructure could be constructed to 
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Sources; Energy Information Administration (ElA), International Energy Outlook 2006; 
and Internationa! Energy Agency (lEA), World Energy Outlook 2006. 

FIGURE 3-22. Projected Nuclear Power Growth, 2005 to 2030 


support the level of growth indicated in the forecasts. 
If growth is significantly higher than forecast, there is 
a possibility that the supply chain for critical nuclear 
components will need additional time to increase 
their manufacture. 

Four issues can delay new nuclear construction. 
First is cost: the high capital costs for nuclear power 
plant construction, the financing required to construct 
these plants, and the resulting cost of energy often 
make new nuclear construction a difficult investment 
decision for a utility. There are government measures 
both domestically and abroad to encourage new con- 
struction of nuclear plants. One significant measure 
that would increase the competitiveness of nuclear 
power would be a pricing mechanism on CO 2 ; a CO 2 
mechanism could result in a faster rate of adoption of 
nuclear energy than forecast. 

The second issue facing nuclear energy is the stor- 
age and processing of spent fuel; waste management 
must be a strategic part of any nuclear development 
plan. The third issue is public perceptions around 
nuclear power safety. Fourth, there are global con- 
cerns about the proliferation of nuclear materials. 
If these four issues are not addressed, It is likely that 


nuclear power will grow at a global rate that is slower 
than the forecasts. 

TRANSPORTATION EFFICIENCY 

Advanced technologies have the potential to reduce 
petroleum fuel demand for the five subsectors of 
transportation (light duty vehicles, heavy duty vehi- 
cles, air transport, marine shipping, and rail trans- 
port) between now and 2030. Over time, new tech- 
nologies will enter the marketplace if one or more of 
the following occur: 

• The technologies mature and costs decrease 

• Fuel costs increase and remain high 

• The technologies are valued by the consumer 

• Policies encourage adoption of improved 
technologies. 

Government and industry play important roles in 
filling and maintaining the technology pipeline for 
transportation efficiency can encourage academic 
research in high-profile transportation-technology 
areas such as advanced batteries and bio-based fuels, 
and can encourage students to enter engineering. 


209 


Chapter 3 - Technology 


578 


science, and mathematics professions to work on these 
challenging issues. In addition, increased funding of 
R&D increases the number of breakthrough concepts 
that can be pursued, making the odds more favorable 
for some to he succesvsfully commercialized. 

The various modes of freight shipment have differ- 
ent energy requirements on a ton-mile basis, as do 
the various modes of passenger travel (automobiles, 
buses, trains, and aircraft). Policies that encourage 
efficient use across transportation subsectors were 
not addressed in the Transportation Bfficienc)' Topic- 
Report, and the costs, benefits, and hurdles of mode- 
shifting should be studied further. 

Finally, alternative fuels have a generic impact 
across all of the subsectors by displacing some petro- 
leum-based fuel, but have little effect on reducing 
the energy demand (e.g., Btu per mile) for a subsec- 
tor. Hydrogen — when used as an energy carrier in 
fuel cells — and electricity, in plug-in hybrids or bat- 
tery-electric vehicles, result in higher efficiency than 
existing technologies. Infrastructure requirements 
and the energy required to produce the fuels should 
be considered for these alternatives (e.g., well-to-tank 
assessment). 

U.S. fuel demand for the five transportation sub- 
sectors, shown in Table 3-16, is based on EIA projec- 
tions and is defined as the Reference Case in the Topic 
Report. Subsectors are discussed here in their order 
of the percentage of transportation demand. In all of 
the transportation subsectors, fuel consumption was 
considered at the end-use point (e.g., tank-io-wheels 
for the light duty vehicle sector). Energy is required to 


produce the fuels associated with the various trans- 
portation modes. These weli-to-tank energy require- 
ments can be substantial for some alternatives to 
petroleum (i.e., hydrogen, biofuels, and electricity, 
depending on the source). The Topic Report con- 
tains detailed tables of potential advances and their 
impacts for each subsector. 

General Conclusions 

The study team concluded that technology can 
make a significant difference in improving transpor- 
tation efficiency. The light duty vehicle sector offers 
the greatest opportunities, but also has a number of 
challenges. Technology hurdles, costs, and potential 
infrastructure Investmeuts are some of these. In addi- 
tion, the ways that consumer preferences affect the 
deployment of various technologies are complex. For 
the other sectors, a sound business case affects the 
deployment of technology, including fuel cost savings 
and operational factors. 

It is important that all of the technologies are ana- 
lyzed from a wells-to-wheels efficiency and cost basis. 
This was not done in the Fopic Report, because the 
focus was on transportation efficiency at the point of 
end use (excluding fuel availability, production, and 
distribution issues). 

It should be noted that, although the technologies 
discussed below are analyzed from a U.S. perspec- 
tive. they are generic and can be applied in all parts 
of the world, when the appropriate attributes and 
constraints are considered for the specific countries 
of interest. 



TABLE 3-16. EIA Reference Case — U.S. Transportation Riel Demand 
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Light Duty Vehicles 

The ElA reference case projects that, in 2030, 
technology improvements will result in ~ 13 percent 
improvement in new vehicle fuel consumption from 
2005 levels. It is estimated that this includes tech- 
nological improvements of ~30 percent at constant 
vehicle performance, and vehicle attribute changes 
that reduce this improvement by about half. Based 
on this study's analysis, technologies (drive train and 
body improvements, and hybridization) exist, or are 
expected to be developed, that have the potential to 
reduce fuel consumption of new light duty vehicles 
by 50 percent relative to 2005 vehicles. This assumes 
constant vehicle performance and entails hi^er 
vehicle cost. The extent to which these technologies 
translate into reduction in fuel consumption depends 
on factors not evaluated in this study, including cus- 
tomer preferences, vehicle and fuel costs, and vehicle 
attributes (acceleration, weight, size). Improvements 
beyond 50 percent will require breakthroughs in bat- 
teries or fuel cells, potentially resulting in significantly 
higher vehicle costs and significant infrastructure 
investments. 

Technologies such as hybrids and fuel cells will take 
longer to deploy in the fleet than more conventional 
changes (such as improved fuel injection or turbo- 
charging). Hydrogen for fuel cells would displace 
petroleum-based ftiels. However, the source of the 
hydrogen, costs, technical hurdles, and infrastructure 
requirements are major unknowns and it is difficult to 
estimate the impact of fuel cells in 2030. 

Hea vy Duty Vehicles 

Technologies exist to reduce new heavy-duty-truck 
fuel consumption by 15 to 20 percent in the United 
Slates by 2030, which is about equal to the EIA refer- 
ence case. These technologies (e.g., engine efficiency, 
rolling resistance, and aerodynamic improvements) 
will involve higher cost and require an associated 
financial business case. Operational improvements 
such as reduced idling and improved logistics can pro- 
vide a benefit of 5 to 10 percent across the fleet during 
this period. Advanced technology solutions, such as 


hybridization and fuel cells, offer fuel consumption 
reductions of an additional 25 percent, and applica- 
tions would likely be initiated in local-delivery, short- 
haul, medium-duty delivery trucks and buses. In the 
near term, U.S. heavy-duty emission standards will 
limit the potential to reduce fuel consumption. 

Air 

Fuel consumption improvements on the order of 
25 percent are the basis for the EIA reference case. 
This is an aggressive projection and all of the known 
technologies appear to be included in the EIA esti- 
mates. New technologies will need to be discovered 
to achieve additional improvements in efficiency. 
These new technologies will require a reinvigoration 
of U.S. research, development, and demonstration 
initiatives, similar to programs currently being car- 
ried out in Europe. 

Marine Shipping 

The EIA reference case is based on a 5 percent 
Improvement in marine shipping fuel consumption 
by 2030. This level of improvement is achievable 
with operational solutions and existing technologies. 
Improvements greater than 5 percent will require 
new hull designs and new propeller designs. Given 
the long life of ships (greater than 20 years), migration 
of these solutions into the fleet will not have a large 
impact until later in the study period. Operational 
changes, affecting the entire fleet, may be more sig- 
nificant than technological improvements. 

Rail Transport 

The EIA reference case assumes that fuel consump- 
tion will improve by 2.5 percent between 2005 and 
2030. incremental improvements in engine design, 
aerodynamics, and use of hybrids have the potential 
to reduce new locomotive fuel consumption by up 
to 30 percent over 2005 technology. Rollout of new 
technology into the fleet is slow due to low turnover 
and will be difficult to achieve during the years con- 
sidered in this study. Emissions standards will tend to 
increase fuel consumption. 
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I nternational energy trade is increasingly influenced 
by geopolitical considerations at the expense of the 
free play of open markets and commercial actions by 
a competitive oil and gas industry. As demand grows, 
oil and natural gas become strategic commodities 
susceptible to being used for geopolitical leverage. 
Alternative energy sources have the potential to 
become viable substitutes, but making them available 
at a scale that reduces global dependence on fossil 


fuels will take time. Meanwhile, global competition 
for oil and natural gas is intensifying as new players 
enter the market; suppliers are increasingly seeking 
to exploit their resources also for political ends; and 
consumers are exploring new ways to guarantee 
sources of supply. 

The growing influence of geopolitical factors on 
global energy trade has profound implications for U.S. 
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interests, strategies, and policy making as well as for 
the ways that oil companies conduct their business. 
Many of the expected changes could pose heightened 
risks to U.S. energy security, in a world where relative 
U.S. influence is likely to decline as economic power 
shifts to other rising nations. In years to come, security 
threats to the world's main sources of oil and natural 
gas may persist and possibly worsen. 

In geoeconomic terms, the biggest impact will 
come from increasing demand for oil and natural 
gas from developing countries, which may outpace 
the development of new sources of supply, thereby 
putting pressure on prices. In geopolitical terms, the 
consequences of such an imbalance will be magnified 
by the fact that demand is rising most stron^y in 
China, India, and other large emerging economies. 

Key questions abound: Will competition for scarce 
resources lead to political or even military clashes among 
major powers? Will bilateral arrangements among 
nations become common as governments attempt to 
“secure” energy supplies outside of traditional market 
mechanisms? How far will countries go in using their 
national oil companies to firrther foreign policy and 
internal political objectives? Will non-market forces 
divert needed investment in the energy sector? 

These developments are taking place amid rising 
hostility to globalization in large parts of the world, 
including many industrialized countries that ben- 
efit from it. The political will to complete multilat- 
eral trade negotiations is ebbing, with major trading 
nations turning to bilateral or regional preferential 
agreements that fragment world trade, increase costs, 
and diminish market efficiency. It is even possible 
that the global trading system itself may fracture from 
geoeconomic and geopolitical stress. 

On the security front, the spread of militancy is 
likely to continue in some of the major oil producing 
regions. Terrorism and weapons proliferation (includ- 
ing nuclear arms and other weapons of mass destruc- 
tion) will probably continue to grow, as may the risk 
of war. The impact would be particularly acute if this 
happens in the Middle East, with its vast and critical 
oil and natural gas resources. 

Government policy making is also likely to be 
increasingly influenced by non-governmental organi- 
zations and other groups promoting environmental 
interests, demanding new policies to combat climate 
change and other issues such as human and labor 


rights violations, supported by shifts in public opinion. 
The result will be mounting pressure on international 
oil companies to conform to new regulations and/or 
voluntary controls, thus altering the economic and 
political order within which they operate. 

HOW THE WORLD IS CHANGING 

Dramatic Growth In Global Demand 4- 

Current forecasts are for continued increases in 
global energy demand and changes in the pattern 
of energy flows, with a decided shift eastward on the 
“world energy map” due to higher demand in Asia. To 
appreciate the scale and pace of demand expansion, 
consider that it took world oil demand 18 years (1977- 
1995) to growfi-om 60 to 70 million barrels per day, but 
only eight years (1995-2003) to increase from 70 to 80 
million barrels per day. If present projections prove 
accurate, demand could exceed 90 million barrels per 
day by 2010 and 115 million barrels per day by 2030. 

Continued world population growth will lead to 
rapid increases in demand for food, housing, and 
other products and services that invariably require 
energy to produce and deliver. In addition, over a 
billion of the world’s inhabitants currently have little 
or no access to the most basic forms of energy, an 
unsustainable predicament with potentially ominous 
consequences to the welfare of that population. 

Most forecasts predict that during the next 25 years, 
the world will continue to rely essentially on the same 
forms of energy as it has for the past century — oil, 
natural gas, coal, and nuclear power — along with a 
broad range of renewable sources that includes solar, 
hydroelectric, biomass, and wind energy. Although 
global energy demand is forecast to double between 
2001 and 2030, little change is expected in the relative 
shares of the major fuel sources (Figure 4-1) with over 
80 percent of demand in 2030 projected to be met by 
fossil fuels. 

Energy use in North America, which currently 
accounts for about 30 percent of worldwide 
consumption, essentially followed larger global 
trends. By contrast, greater reliance on nuclear 
energy in Europe slightly altered the total mix, with 
lower demand for coal and natural gas. In developing 
countries, often the least able to afford or employ the 
best available technology, fossil-fuel use approaches 
90 percent. 
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2005 - 446 QUADRILLION BTU 


2030 - 722 QUADRILLION BTU 



COAL M NUCLEAR 

■ HYDROELECTRjQRENEWABLES 

Source; EIA, International Energy Outlook 2006. 

FIGURE4~1. Global Energy Demand — FuelShares 


Given the long lead times necessary to develop 
and introduce new conventional fuel supplies and 
alternative energy forms, demand for fossil fuels 
(oil, natural gas, and coal) is expected to continue 
to dominate the global energy mix for at least 
the next two decades — absent radical changes in 


economic or foreign policies, environmental crises, 
terrorist or war devastation, or a major technological 
breakthrough. 

The trend is particularly dramatic in the developing 
world. Both the International Energy Agency (lEA) 
and the Energy Information Administration (EIA) of 
the U.S. Department of Energy predictthat developing 
countries in Asia, including China and India, will 
continue their current economic expansion, driving 
the doubling of energy demand in the developing 
world by 2030 (Figure 4-2). 

New Patterns of Trade 

As demand rises in Asia, a new global energy picture 
is emerging that requires an increased focus on 
investment, transportation infrastructure, security, 
environmental, and geopolitical considerations, 
as well as a reevaluation of overall strategies by 
government and industry. 

In the global oil and natural gas market, demand 
will continue to shift to emerging economies with 
growing populations. These nations will not only 
emerge as large energy consumers, but some will also 
control a large share of energy resources. At the same 
time, conventional oil and natural gas production in 
the developed world is declining. 

The major regions of expanding production are 
the Middle East, West Africa, Russia, and the Caspian 
Sea. together with a few areas where unconventional 
production is rising (e.g., oil sands in Canada and 
extra-heavy crude in Venezuela). The three major 
consuming areas are North America, Europe, and 
Asia. 

The growing need for transportation of energy 
between these areas raises important concerns over 
geographical “choke points,” both for oil shipments 
and. increasingly, for natural ga.s — whether delivered 
by pipeline or in the form of liquefied natural gas 
(LNG). The most potentially congested, difficult, 
or dangerous transit passages, such as the Straits of 
Hormuz and Malacca and the Bosporus, pose both 
security and environmental challenges (Figure 4-3; 
see also Figure 2-76 in Chapter 2, ‘Energy Demand”)- 

As patterns of demand and transportation 
change, new regional and international, commercial 
and strategic alliances may emerge, marking the 
beginning of a “new game” in the geopolitics of 
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2004 - 445 QUADRILLION BTU PER YEAR 



2030 - 678 QUADRILLION BTU PER YEAR 



Sources lEA, World Energy Outlook 2006. 


FIGURE 4-2. World Energy Demand Growth 
from 2004 to 2030 


oil and natural gas, in which different countries 
and corporations will develop new strategies and 
techniques to secure access to resources. Although 
the implications for international energy companies 
and smaller “independent” companies seeking to 
explore and produce oil and natural gas overseas — 
especially U.S. companies — are not yet fully evident, 
such companies may find themselves atacompetitive 
disadvantage in gaining access to resources and new 
business opportunities. 


Evidence suggests that this new game may already 
be under way. In the future, non-OECD nations will 
include both the largest holders of conventional 
energy resources and their fastest-growing consum- 
ers. The national oil companies (NOCs) and energy 
ministries in these countries will play an increas- 
ingly important role in policy decisions about how 
to develop their resources and whether to rely on the 
global market or instead to negotiate bilateral supply 
arrangements with other countries. These bilateral 
deals may include provisions that extend well beyond 
conventional commercial terms and require foreign 
aid and other commitments from the governments of 
consuming countries. 

Energy’s growing strategic importance may thus 
encourage producers to leverage their advantageous 
positions when dealing with consumer nations, 
either to gain commercial benefits or to further their 
national geopolitical or foreign-policy objectives. 
With shifts in bargaining power, the open-market 
rules and norms that have characterized global energy 
trade and investment for the past several decades may 
well be under threat. Yet all energy producers and 
consumers would benefit from greater investment 
and freer trade that open-market practices promote 
in an increasingly integrated world. 

The Pressures of Globalization 

For more than 60 years, growing areas of the world 
have enjoyed the fruits of expanding free trade and 
economic integration. Globalization has been driven 
by the communications revolution, the increasing 
ease of international financial movements, rising 
living standards, the continued opening of markets 
for products and services, the worldwide reach of 
multinational corporations, and other modernizing 
forces. The resulting unprecedented economic growth 
has been boosted by a global oil market that has 
relied on ready access to resources and the efficient 
application of investment capital, technology, and 
management by an internationally competitive 
petroleum industry. Many of these long-standing 
conditions, however, now face new challenges to their 
sustainability in the years ahead. 

As new entrants such as China and Russia play 
an increasingly important role in the international 
economic system, the fundamental. Western- 
inspired values that have underpinned the 
system — representative government, the rule of law. 
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transparency, accountability, and open markets — can 
no longer be taken for granted. The balance of global 
economic power is shifting to emerging countries, not 
only to major, fast-expanding nations such as India 
and Brazil, but also to the main group of developing 
countries that populate the halls of international 
organizations such as the World Trade Organization 
(WTO), the international financial institutions, and 
United Nations agencies. 

Increasingly, these developing countries are joining 
forces to increase their political clout. Not all are as 
committed to the principles of free trade, transparency, 
and the rule of law as the governments that founded 
the current world institutional framework after World 
War II. International institutions, and particularly 
the WTO, may have to adjust to the requirements and 
wishes of these new economic powers, as they assert 
increasing influence over the global agenda and the 
niles of the international trading system. Many inter- 
national economists hope that as developing coun- 
tries grow richer, they will increasingly appreciate the 
need for open markets and the rule of law in order to 
protect their own exports and growing prosperity. 

If, however, moves toward more open markets stall, 
and even reverse, the world economy will become less 
efficient, costs will rise, and individual governments 
may apply their own rules to investments, taxation, 
and the way they select energy trading partners. 
There may be more preferential trading among 
regions and an increasing number of bilateral or 
regional deals struck for political rather than purely 
economic reasons. U.S. influence for resolving these 
problems would diminish if agreed multilateral rules 
are disregarded. Such developments are all the more 
likely as a worldwide backlash against globalization 
has been growing in recent year-s, not least in the 
Western countries themselves. Rising economic 
nationalism and protectionism at home would make 
it harder for the United States to continue to exert 
global leadership in favor of open markets. 

Various countries and interest groups are resisting 
the forces of globalization and many of the interna- 
tional norms and institutions designed to facilitate 
the spread of liberal market systems. At one extreme, 
rising anti-Western and particularly anti-American 
sentiments and actions — as exhibited by militant 
movements, terrorism, and economic populism — 
pose fundamental threats to globalization. Whether 
resistance is directed against the pace of ^obaliza- 


tion, its perceived inequities or alleged failures, or 
its social/cultural impacts, countries and ideological 
movements often challenge the international system 
and the forces of economic liberalization. 

It is unclear whether this resistance will ultimately 
slow, reverse, or otherwise alter the progress of 
globalization, or change the prevailing norms of 
the International system. Many opponents blame 
globalization for ills for which it is not responsible, 
although that does not necessarily diminish the 
political impact of their grievances. A prolonged 
and spreading backlash against globalization and 
international norms could threaten their long-term 
viability, thus introducing greater uncertainty and 
risk when energy investors and governments consider 
investment and management decisions. 

Changing Evaluation of Risks 

When evaluating global investment opportunities, 
international oil companies (lOCs) have traditionally 
relied upon an inventory of investment-risk criteria. 
In exploration and production ventures, these con- 
siderations typically comprise: 

• Geological risk — are the hydrocarbons present? 

• Technological risk — can resources be accessed with 
existing/ available technology? 

• Commercial risk — at what price, and under what 
terms? Are these adequate to ensure a favorable 
return on investment relative to shareholder and 
portfolio risk? 

• Political risk~what threats do political conditions 
pose to the project and investments? What if the polit- 
ical situation changes? Can these risks be managed? 

• Environmental risk — can the resources be devel- 
oped in environmentally acceptable ways? 

• Human-resource risk — are there enough suitably 
trained and qualified people available to develop 
the resources? 

Some of these traditional assessments concern 
the location and nature of underground resources, 
others relate to “above-ground” risks, such as political 
and labor-market developments. As conditions for 
resource extraction change, however, it may well be 
that the “above-ground” risks pose greater challenges 
to meeting future global oil and natural gas demand 
than concerns over the resources themselves. 
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Such "above-ground” issues include conditions of 
access to resources, security, the kinds of investment 
required, transportation infrastruture, availability of 
skilled labor, the quality of governance and political 
stability in the country holding the resources, 
terrorism, corruption, and various environmental 
considerations. Over the past decade, investment 
risk has increasingly been reevaluated in the light of 
these factors, and it seems inevitable that this trend 
will intensify in coming years. 

Governance and 
Resource Nationalism 

Since at least the first half of the 20th century, host 
governments have attempted to take direct control of 
their countries’ oil resources. Now, high global oil prices 
have encouraged a new wave of resource nationalism. 
Most recently, a new generation of sovereign govern- 
ments has begun to reassert greater control over natural 
resources, in an effort to extract maximum commer- 
cial advantages — often by violating existing contracts. 
Sometimes, these governments also select partners on 
the basis of national geopolitical or broader economic 


priorities, rather than on open market competition, 
hicreasingly, NOCs are operating outside their own 
countries or traditional areas and are competing inter- 
nationally with the support of their governments, 

A predominant share of the world’s known oil and 
natural gas reserves is not available for direct invest- 
ment by international oil companies. These reserves 
are primarily in member countries of the Organi- 
zation of Petroleum Exporting Countries (OPEC) 
located around the Persian Gulf, where resources are 
most plentiful and can often be developed at low cost 
(Figures 4-4 and 4-5). Countries outside the Middle 
East that once welcomed foreign investment, such as 
Venezuela and Russia, have turned increasingly hos- 
tile. Thus, investment capital, as well as the best indus- 
try technology and manpower, cannot be applied in 
the most economically effective manner to increase 
supplies of oil and natural gas for the world market, 
even at a time of historically high energy prices. 

In a world of growing energy demand, producing 
countries are more inclined to dictate political or 
other conditions that often distort market efficiency. 
As Russia explores new ways to increase control over 
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Source: ElA, International Energy Outlook 2006. 


FIGURE 4-4. World Crude Oil Reserves — Regional Shares 


Chapter 4 - Geopolitics 


219 



587 



Source: E!A, International Energy Outlook 2006. 
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FIGURE 4-5. World Natural Gas Reserves — Regional Shares 


Investors and consuming markets, similar develop- 
ments are occurring in Latin America, most especially 
in Venezuela. In Russia, resource nationalism is used 
to justify reversing privatizations and redistributing 
oil income, and often considered a desirable way to 
safeguard the nation’s greatest natural assets from 
rapid "exploitation" by profit-maximizing interna- 
tional companies that would endanger national plans 
to stretch out use of the resources over as many years 
as possible. Russia and other countries also view 
energy as a means to increase their global Influence. 

However, resource nationalism undermines investor 
confidence in the long run and can lead to many 
undesirable results: deferred investment slows the 
pace of resource development; oil rents are diverted 
to unconnected social, political, or military activities: 
infrastructure andresource development are ne^ected; 
and the expertise available from international industry 
is rejected in favor of state control or cooperation with 
other NOCs. 

High prices for producing countries — together 
with popular pressure for jobs and other government 
programs — further encourage resource nationalism 
and erode the sanctity of contracts. Consequently, 


investments in production capacity either slow or 
flow instead to areas of hi^er geologicai, technical, 
financial, and political risks. In some of these areas 
the phenomenon known as NIMBYism (from "Not 
In My Back Yard") or environmental concerns may 
further restrict access. Restrictions on timely invest- 
ment in an industry with long lead-times prolong the 
normal cycles of the petroleum business. The result is 
to extend periods of supply shortfalls, as in the 1970s, 
and surpluses, as from 1984 to 1999, and to increase 
uncertainties, inflexibility, and consequent volatility 
in global energy markets. 

The Growing Power of 
National Oil Companies 

Over the last 30 years, national oil companies have 
become a major factor in the global oil market. Most 
owed their creation to a feeling in many resource-rich 
countries that their energy endowments would only 
be used for the national good if a national company 
were directly involved in the process. This was 
accomplished in various ways, ranging from seizing 
foreign-owned resources and facilities, to nationalizing 
with compensation, to creating new companies to 
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participate in developing the resources. Many of the 
early NOCs {e.g., Aramco and Statoil) have grown into 
world-vScale, efficient energy-market players operating 
globally in ways largely indistinguishable from lOCs. 
Because of non-commercial operating mandates 
or other local factors, other NOCs have remained 
inefficient or even marginal suppliers, and most 
operate only within their own borders. 

With the increasing concentration of reserves in 
countries where NOCs have a dominant role by law, 
the future development strategies adopted by NOCs 
will play a key role in determining whether future oil 
supply meets expanding global demand. This will be 
even more important as reserves are depleted in other 
parts of the world or cannot be developed because of 
environmental, economic, or political constraints. 
NOCs from countries with growing oil imports, such 
as China and India, are increasingly participating in 
the global market, both to try to safeguard their own 
energy security and to foster other trade relationships. 

With few exceptions, producing-country NOCs 
have proved to be reliable suppliers on the world 
market. Absent a fracturing of the global oil market, 
which would make political use of "the oil weapon" 
more feasible, NOCs may continue to develop in this 
way — if only to ensure access to the markets they want. 
The concern is, if bilateral energy deals become more 
common, governments may be tempted to achieve 
political or foreign policy objectives by utilizing their 
energy "leverage," A more immediate and important 
concern is whether sub-optimal development of 
resources controlled by NOCs could pose a major and 
long-term supply risk. Inefficiency could result from: 

• Subsidized or below-market domestic product 

prices 

• Diversion of revenues and deferral of investment 

for social purposes, or for other government uses 

• Uncompetitive labor practices or government 

employment requirements 

® Low levels of technology. 

These disadvantages may be partly offset by low 
production costs, easy access to reserves, preferential 
regulatory treatment, and, in many cases, small 
dividends to shareholders. More generally, NOCs 
may have a competitive advantage when dealing 
with certain problems, largely because they are not 
accountable to shareholders in the same way as lOCs 


and because they often enjoy tangible advantages 
accorded by their national governments. On the 
other hand, if energy prices decline significantly, 
producing countries may once again need to attract 
foreign investment in order to maintain or increase 
production levels. 

Climate Change ♦ 

Greenhouse gas emissions have hitherto come pri- 
marily from industrialized countries. In the future, 
emissions from emerging economies and the devel- 
oping world are expected to increase dramatically, 
accounting for over 60 percent of new growth in global 
greenhouse gas emissions (Figure 4-6). Greenhouse 
gas emissions from the developing world wiU exceed 
those of the industrialized world before 2010. 

Climate change and the policy responses it trig- 
gers will have significant effects on global oil and 
natural gas supply and demand. There is widespread 
agreement among climate scientists that the world is 
growing warmer, regardless of whether most of the 
temperature increase is due to human activities. As 
a result, national, state/provincial, and local govern- 
ments. as well as companies are beginning to work 
toward a carbon-constrained future and are trying to 
anticipate Its consequences. Growing consensus on 
the need for technological, policy, and commercial 
responses to rising temperatures, sooner rather than 
later, would ultimately have an effect on energy/fuel 
choices by both producers and consumers. Sig- 
nificant impacts fall into two general categories; 
the effects of climate change itself, and the effects 
of policy responses to it — notably the move to a 
carbon-constrained economy. 

Climate Change 

• Climate change will physically affect the supply of 
oil, natural gas, coal, and other fuels both positively 
and negatively; for example, as a result of longer ice- 
free periods in higher latitudes and lost ice roads. 

• Climate change will increase or lower the demand 
for oil and natural gas as changing weather patterns 
modify seasonal demand for heating and cooling, 
and as changes in crop growth and water resources 
alter population patterns. 

• If the earth becomes significantly warmer, pressures 
arising from population migrations, altered food 
supplies, and new growing seasons could create not 
only environmental but also security problems. The 
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FIGURE4-6. World Carbon Dioxide Emissions by Region, 2003-2030 


hardest hit countries are likely to be in the develop- 
ing world, the biggest potential source of new waves 
of migrants and refugees. 

Policy Responses and Carbon Constraints 

• Policy responses to climate change, such as 
carbon taxes, cap-and-trade systems, and tougher 
efficiency and fuel standards, will affect both the 
supply and demand for oil and natural gas. 

• Differing national responses could damage the 
international trading regime by distorting competi- 
tion and provoking retaliation by other countries. 

9 It is widely agreed that significant reductions in 
human emissions of carbon dioxide and other 
greenhouse gases would require substantial inno- 
vation and the widespread deployment of new 
energy technologies, requiring large and sustained 
private and public sector investments in research, 
development, demonstration, and deployment. 

• Many economists agree that the most cost-effective 
ways to reduce greenhouse gases involve broad 
market-based incentives to the private sector 
to undertake technological advances without 
governments mandating the technology chosen. 
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• Technological and policy efforts to meet energy- 
security and environmental goals are sometimes 
aligned, but often arc not. For example, renewable 
biofuels may help meet both energy and environ- 
mental objectives despite raising food prices and 
creating disruptions in land and water use; whereas 
converting domestic coal and oil shale to liquid fuel 
may benefit energy security, but present significant 
environmental cbailengcs. 

Sustainable Development and 
Related Policy Challenges 

Traditional concepts of economic development are 
being challenged by the growing movement in favor 
of "sustainable development.” This term means dif- 
ferent things to different people, resulting in wide- 
spread confusion over its definition. Often “sustain- 
able development” is used simply as a call for greater 
attention to be paid to the environmental and social 
impacts of human activities. According to the United 
Nations' Department of Economic and Social Affairs 
Division for Sustainable Development, "sustainable 
development" is the type of investment that “meets 
the needs of the present without compromising 
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the ability of future generations to meet their own 
needs.” 

Such an aim may conflict with market-based 
development strategies, particularly if it implies 
that restrictions would be placed on the behavior of 
economic actors, such as constraints on the use of 
non-renewable resources. In the energy sector, pro- 
gressive adoption of “sustainable development” prin- 
ciples could result in increasing political pressure to 
move from non-renewable to renewable sources of 
supply — even in situations where it may make less 
economic sense than choosing a conventional fuel 
alternative. Some proponents for sustainable devel- 
opment reject fossil fuels completely, while others 
recognize they are needed until adequate alternative 
energy sources become widely available. Sustainable 
development strategies are also sometimes linked to 
proposed solutions to problems of energy poverty 
and the distribution of wealth. 

Steep increases in oil prices have led to significant 
transfers of wealth from energy consumers to a 
small and increasingly concentrated group of energy 
producing nations. Large amounts of capital have 
shifted from OECD countries to non-OECD states, 
which may not have adequate institutional safeguards 
to protect against rampant corruption and misuse of 
these massive revenue inflows. Many resource-rich 
countries have no institutional capacity to distribute 
energy revenue equitably, or to use It to stimulate 
economic growth and diversity by developing and 
modernizing other sectors of their economies. In 
addition, the temptation to rely excessively on energy 
revenue while neglecting the rest of the economy (a 
condition sometimes referred to as “resource curse”) 
can be a barrier to economic reform and a recipe for 
long-term economic failure. 

Higher energy prices also widen the disparity in 
living standards between rich and poor nations. 
Wealthier countries have largely managed to cope 
with the price rise, while some developing economies 
have been forced to curb energy demand and to revert 
to use of non-commercial biomass, such as firewood. 
Other developing countries, however, have benefited 
from the current cycle of commodity price increases. 

Increasingly, governments consider that these 
disparities in living standards reflect an unsustainable 
development path and may alter the way they 
approach natural resource development and revenue 
distribution. Concerns over the consequences of 


higher energy prices on developing and emerging 
or transitional countries could redirect energy 
investment from traditional fuels to alternative- 
energy technologies and services. Many countries, 
however, are unable to attract the latest clean-energy 
technologies because energy is not priced at market 
rates in the domestic economy. 

The International Energy Agency’s World Energy 
Outlook 2006 estimates that over a quarter of the 
world’s population (some 1.6 billion people) has 
no access to electricity. Global electrification is 
distributed very unevenly. The highest proportions 
of people without electric power live in large parts 
of Sub-Saharan Africa and in South Asia. Supplying 
electricity to these communities may drive up carbon 
dioxide production, further increasing concerns 
about climate change. Even when people live close 
to sources of energy production, as in the Niger 
Delta, they are often precluded from enjoying the 
potential benefits because of inadequate distribution 
systems, lack of needed investment, and ineffective 
government policies on pricing, revenue sharing, and 
resource regulation. 

Security and Terrorism 

During the past 20 years, increases in global energy 
demand and the elimination of uneconomic refining 
capacity have effectively depleted the once ample 
surplus in production and refining capacity. Stricter 
petroleum product specifications also absorbed a 
large share of investment capital and limited refining 
flexibility. This has created a tighter market in which 
instability, labor unrest, sabotage, or other threats to 
supply can driveoil prices sharply higher. Inparticular, 
global reliance on oil supply from the Persian Gulf 
puts a premium on security in a confined area with 
growing intra- and inter-state tensions emanating 
from the war in Iraq. Arab-Iranian rivalry, rapid social 
change, and religiously inspired radical groups that 
seek government overthrow. 

Conflict in the Middle East is neither a recent 
phenomenon nor one that lends itself to quick 
solutions. While many argue that the Arab-Israeli 
conflict is not at the core of regional tensions, the 
persistence of the conflict and the polarization of 
opinions surrounding it keep the entire Middle East 
in a high state of tension. Current circumstances 
surest that hostilities will persist — or perhaps even 
escalate — in the near term. 
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While overt war between countries of the Persian 
Gulf is unlikely, threats to and harassment of 
production facilities, refineries, terminals, and 
shipping remain a possibility. Extreme “resistance” 
groups seek to overturn the current order by means 
ranging from political activism to subversion and 
terrorism. Militants aim to remove many of the existing 
governments in the region and to drive Western 
powers and oil interests from the Middle East. While 
the likelihood of extremist groups actually taking over 
governments in the region is remote, there is a much 
greater possibility that non-governmental or para- 
governmental organizations could either disrupt 
supplies through the Strait of Hormuz or conduct a 
successful attack on a land-based facility 

If a radical group were to come to power in any 
Middle Eastern producing country, it might cease 
shipping oil to the United States or selling it to U.S. 
oil companies. Such restrictions would result in at 
least short-term supply disruptions that could put a 
small premium on oil destined for U.S. markets as 
other suppliers diverted their product in the global 
market. 

Another threat could be heightened regional 
tensions as a result of nuclear proliferation in the 
Middle East. Iran’s acquisition of a nuclear weapons 
capability, for example, could induce Saudi Arabia, 
Tlirkey, Egypt, and others to develop their own military 
nuclear capacity. In such a scenario, already high 
tensions in the region would be stoked by the threat of 
preemptive strikes or nuclear warfare. Should Middle 
East oilfields be seriously threatened, there would be 
sweeping consequences for world energy supplies 
and prices. 

Other Risks and Scenarios 

China and India are both concerned that the 
strains of unprecedented economic gro%vth could 
trigger domestic political instability. Both countries 
must meet the energy demands of their rapidly grow- 
ing economies and the development expectations of 
extremely populous societies. Failure to deliver on 
these expectations could lead to social unrest, but 
fulfilling these demands will also create huge eco- 
nomic, social, political, and environmental problems. 
Domestic coal is the most abundant and economic 
resource in both countries. It is often, however, used 
inefficiently and is subject to infrastructure bottle- 
necks such as those in rail transportation. Expanded 
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use of coal would increase greenhouse gas emissions 
even more rapidly. 

Although most current concern centers on high 
oil prices, a sudden price collapse could also cause 
instability in parts of the Middle East and other 
major producing countries, such as Russia, Mexico. 
Nigeria. Venezuela, and Angola. In the years ahead, 
Middle Eastern oil producers face relatively similar 
challenges: undiversified extractive economies, a 
youthful population seeking gainful employment, 
and political systems that are beginning to show 
signs of strain in large part because of insufficiently 
representative governments. While all these problems 
are becoming more acute, current high oil prices have 
taken much of the political urgency out of addressing 
them in the near term. 

Apart from the petroleum sector, economies and 
trade are underdeveloped in most of the major oil 
producing countries, although in some localized 
areas construction is booming and capital markets 
are becoming more vibrant. About 40 percent of 
Saudi Arabia’s gross domestic product (GDP) is still 
directly connected to the petroleum sector, as is 60 
percent of Qatar’s GDP and 30 percent of Algeria’s. 
Government revenues are even more closely tied to 
the energy sector: petroleum exports account for 70 to 
80 percent of Saudi Arabia’s state revenues, about 80 
percent of Kuwait’s, and 40 to 50 percent of Iran's. High 
oil prices thus not only create a significant income 
for regional producers, but the windfall revenue 
disproportionately aids producing governments that 
rely almost exclusively on oil production rather thari 
normal taxation for their income. 

How these countries manage their substantial oil 
and natural gas profits, how long high prices will be 
sustained, and how far and how quickly they may fall, 
are all critical questions that will determine political 
risks in the Middle East over the next two decades. 
Where elections have been held in the region, 
extremists have scored some striking successes. 
Democratic elections are not by themselves a 
guarantee of political stability, which requires much 
more fundamental changes in governance, and social 
and legal systems, often over many years. 

In addition, radical political movements are 
extending their influence across borders in an 
unprecedented manner, thanks in part to easy access 
to the international media that satellite television 
and the internet provide. Local populations are also 
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being radicalized by fanatical religious leaders and 
by indoctrination in terrorist training camps. Finally, 
it is difficult to achieve stability in this critical oil- 
producing region without real progress in an Israeli- 
Palestirrian peace process. 

Outside the Middle East, many African countries 
and other under-performing economies are struggling 
to convert their energy wealth into economic develop- 
ment and diversification, whether through innovative 
energy-development programs in cooperation with 
the World Bank or by increasing social requirements 
on energy companies. Africa currently provides the 
United States with about 15 percent of its imported 
energy and may ultimately account for over 25 percent 
of U.S. oil and natural gas imports. However, contin- 
ued and expanded U.S. access to African eneigy is by 
no means certain as other suitors are already lining up 
to secure future supplies. African trade with India and 
especially with China is growing rapidly. China’s trade 
with Africa doubled between 2000 and 2004 and China 
is now Africa’s third largest trading partner after the 
United States and France. 

Chinese and Indian companies are competing 
aggressively with lOCs and providing more capital 
to develop African resources. This Is a healthy 
development as long as investment projects are based 
on economic competition and are not attached to non- 
economic conditions. Corruption continues to pose 
a challenge to stable oil and natural gas production, 
especially in Africa, by misallocating precious resources 
and by discouraging long-term investment. 

In Russia, the shifting roles played by private and 
state companies since the Soviet Union’s collapse 
have stemmed investment flows and economic 
revival of the oil and natural gas industry. These 
problems have been exacerbated by policy swings 
between support for market competition and greater 
government control. Cunent policies show a strong 
preference by Mo.scow for reestablishing state control 
over energy resources and to use oil and natural gas 
supply as geopolitical tools to increase its influence 
in Europe and Asia. However, the vast investment 
needs of Russia’s energy sector could still persuade 
the government to become a more market-oriented 
global player at some point in the future, particularly 
as world energy prices moderate. 

In the Caspian Sea region, the competing interests 
of Russia, China, and the European Union continue 
to place heavy pressure on resource development and 


transit decisions. Ideally, a multiple pipeline strategy 
would include, simultaneously, expanding capacity 
along the Russian route, expanding shipments to 
China, and dramatically increasing shipments across 
the Caspian Sea to Western markets — either by a 
shuttle-fleet of more efficient oil tankers or, more 
ambitiously and controversially, by seabed pipelines 
for oil and natural gas. In that way, oil and natural 
gas could be delivered to the highest-value market 
without political or commercial restrictions. 

It remains uncertain, however, whether such a 
multiple-pipeline strategy can overcome significant 
political and financial roadblocks. The cost-benefit 
calculations by host and transit states, and by foreign 
investors, will undoubtedly play a significant role in 
deciding the fate ofthese various routes. Nevertheless, 
delays in resolving these transit issues have already 
postponed delivery of significant oil and natural 
gas from the Caspian Sea region to world markets. 
Further delays would forestall the full development of 
this significant oil and natural gas potential. 

IMPLICATIONS FOR THE 
UNITED STATES 

Energy Security 

For more than half a century, the United States has 
been the leader in global economic integration and a 
strong advocate for the free flow of goods, services, and 
capital to benefit both the American and the global 
economies. Throughout this period, the United States 
has been a net importer of oil. Domestic oil produc- 
tion peaked in 1970. In 2030, oil and natural gas will 
continue to dominate primary energy demand. The 
notion that the United States, as the world’s larg- 
est energy consumer, can truly be rid of reliance on 
imported oil and natural gas is poHtically appealing, 
hut fanciful. “Energy independence,” if it were to be 
pursued vigorously without taking into account eco- 
nomic consequences, could work at cross purposes to 
America’s other international objectives and obliga- 
tions in this increasingly interdependent world. 

For globally traded commodities like oil, and 
increasingly for natural gas, significant supply 
disruptions in one part of the world affect all markets 
regardless of whether they seem to be directly 
involved. This interdependence was dramatically 
demonstrated by the global repercussions from 
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Hurricanes iCatrina and Rita in 2005: storm damage 
to oil rigs and refineries in the Gulf of Mexico affected 
markets worldwide, and U.S. demand could only be 
met with the help of petroleum supplies from around 
the world. Other events that have disrupted supplies 
include, for example, militant activity in Iraq and 
Nigeria, andsurges in market demand from developing 
countries such as China, India, and Brazil. 

By the same token, in an integrated global energy 
market, the opening up of new resources in any 
particular region adds to overall global supplies and 
thus benefits all consumers, wherever they may be. 
Therefore, managing “energy mferdependence” is a 
worldwide geopolitical challenge, one in which the 
United States must play a constructive leadership role. 

A more useful definition of energy security is 
required to help inform and shape the public policy 
debate. Such a definition would include: 

• A competitive market 

® Stable and diverse supply with minimal disruptions 

• Low price volatility 

® Adequate spare capacity and logistical 
infrastructure 

• Diverse energy mixes 

• Protection of the global environment, including 
climate considerations 

• Flexibility to accommodate shifting demand patterns 

• Transparency and reliability of commercial rela- 
tionships. 

Neglecting these objectives in a hUnd pursuit of 
energy self-sufficiency would risk unintended and 
harmful consequences for both energy suppliers and 
consumers alike. 

As the price of energy rises, its political importance 
to both producing and consuming countries increases. 
Producers and consumers regard energy security from 
different perspectives. For major energy importers, 
supply security is a key concern because reliance on 
another country or third party for energy involves risk. 
Governments of consumer countries want to provide 
their citizens with energy services while protecting 
them from disruptions and major cost fluctuations. 

Energy exporters, in turn, depend on stable demand 
and reliable access to consumers. Countries rich in 
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natural resources arguably have greater control over 
their domestic energy security. But the ways that 
producer countries interpret the approaches their 
consumers take to secure greater energy assurance for 
themselves (demand-vSide management, promoting 
renewable fuels, etc.) can affect investment decisions 
by producer countries. These decisions, in turn, affect 
importing countrie.s’ energy security interests. 

Energy security involves various perspectives and 
requires many potential solutions. These multiple 
possibilities make managing global energy flows 
extremely complex. Individual governments and 
companies have few tools to influence overall energy 
security. And yet, the interconnected nature of 
the global oil and natural gas markets means that 
decisions made by producer or consumer countries 
will affect the energy security of others. 

Engagement and Cooperation 

International cooperation is an important compo- 
nent of U.S. energy policy and a significant means by 
which Washington seeks to promote greater under- 
standing of diverging perspectives and to foster agree- 
ment on common principles, shared priorities, and 
paths forward. International engagement and cooper- 
ation will become more important as geopolitical ten- 
sions continue to place stress on international energy 
markets and relationships between energy players. 

Broad-based cooperation will ensure that global 
energ>' markets continue to function efficiently and to 
meet the energy needs of a growing global economy. 
U.S. programs should aim to: 

• Expand energy production 

• Improve energy efficiency 

• Reduce damage to the environment caused by 
energy production and use 

• Diversify the types, sources, and suppliers of energy 

• Encourage efficient and flexible markets nationally 
as well as glo bally and avoid restrictions that impede 
their ability to adjust to any disruption 

• Remove barriers to energy investment and trade 

• Promote greater transparency in energy trade 

• Invest in modernizing energy infrastructure 

• Develop and deploy new technologies 

• Protect global energy infrastructure. 
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TABLE 4-1. Sampling of Multilateral Energy Technology Initiatives 
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TABLE 4-2. Sampling of Regional Multilateral Energy-Related Activities 


International engagement takes many forms, as 
illustrated in Tables 4-1 and 4-2, The U.S. govern- 
ment engages both producer and consumer coun- 
tries, as well as the private sector, to maintain open 
lines of communication and to seek cooperation in 
overcoming common energy challenges. In gen- 
eral, the U.S. government engages other countries 
through specially designated bilateral and multi- 
lateral ener^ dialogues, through a series of next- 
generation energy technology initiatives, and by 
integrating energy policy considerations into other 
related bilateral and multilateral fora. 

By maintaining frequent and regular contact with 
major producing and consuming countries through 
established ener^ dialogues, the United States has 
sought to foster greater stability in global energy 
markets through better communication and coor- 
dination. The U.S. military has also played a large 
role in securing major energy transit choke points 
throughout the world by maintaining forward 
deployed positions. 


Participation in institutions like the International 
Energy Agency creates many benefits. It helps to 
improve data collection and transparency, to coordi- 
nate the use of strategic stockpiles during supply dis- 
ruptions, and to foster joint consideration of energy 
policy issues that are of particular interest to mem- 
ber countries. Finally, public-private, multilateral 
partnerships on next-generation energy technolo- 
gies help to encourage research, development, and 
deployment of transformative energy technologies. 

CONCLUSIONS 
U.S. Leadership 

American leadership is key to advancing free 
markets, international stability, and open access to 
energy and raw material supplies. In order to maintain 
and reinforce this leadership, the United States must 
more strongly resist both isolationism and domestic 
protectionism. The United States must also take the 
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initiative to lock its economic and political principles 
as deeply as possible into the multilateral system. 

America's prosperity rests on reliable access to 
stable supplies of energy from a global market. It 
cannot successfully pursue this goal separately from 
the rest of the world with a unilateral IJ.S. policy path. 
Therefore, the United States must adopt a global 
approach to energy security for its future national 
prosperity. 

This means, in the immediate future, overcoming 
U.S. disagreements with the EU and some developing 
countries in global trade negotiations. In the longer 
term, it means strengthening institutions such as 
the WTO that enforce the market-based rules of the 
international system. It also means restoring strong 
political links with Europe and combating anti- 
Americanism around the world in more imaginative 
ways. And. it means doing the utmost to establish 
stability in the Middle East and to avoid unnecessary 
confrontation vdlh China. 

The U.S. government should press for large 
emerging consumer countries in the developing 
world, such as China and India, to be integrated 
progressively into the international energy security 
system— into institutions such as the International 
Energy Agency and the Group of Eight — in order to 
draw them into a decision-making process based on 
market principles and to enable closer monitoring 
of their cbmpUahce with international agreements. 
Irrespective of other policy differences, the United 
States, China, and India share vital common inter- 
ests as energy importers, and cooperation among 
them could significantly strengthen the hand of the 
niajor consuming nations. It would also help to avert 
the.adoption of divide-and-rule tactics by energy 
exporters aimed at bidding up prices and securing 
political objectives. 

The United States should also boldly offer credible 
proposals for reforming international institutions, 
such as the Uruted Nations and the International 
Monetary Fund. Multilateral institutions should be 
strengthened in order to enforce international rules 
that support not only U.S. interests but those of the 
rest of the world. 

Energy Security 

It IS incumbent upon both producer and consumer 
countries to find common ground, or at least to agree 


to basic principles, for governing the energy sector to 
ensure a relative degree of stability for all. Tension 
over energy security has turned energy into a key 
political preoccupation for governments around the 
world. The challenge in responding to such short 
term pressures is that energy policy decisions endure 
for decades with profound and lasting consequences, 
yet they are often made to resolve immediate issues 
with only short-term fixes. Sustainable long-term 
energy policies can only be developed from a robust 
and healthy debate over ideas. If a policy is to be 
effective for an extended period, an informed general 
public must accept and support not just its tactical 
aims, but also its strategic goals. 

New Policy Tools 

Along with a new strategic approach, the emerging 
energy world requires new policy tools to influence 
developments. For example, the need to open energy 
investment markets has largely been left out of 
WTO and other international trade negotiations, 
such asforNAFTA. U.S. economic, energy, andsecurity 
interests, along with those of the rest of the world, will 
be best served if the United States and its allies work 
to achieve and maintain an open, multilateral, global 
system to the greatest extent possible. 

National Oil Companies 

To achieve the expanded production required to 
meet grovring global demand in a timely manner, 
NOCs should be encouraged to work coopeiatively 
with internationally competitive oil company part- 
ners in order to encourage the use of the best tech- 
nology and to adopt global standards of transparency, 
accountability, and contract sanctity. The U.S. gov- 
ernment should lead a worldwide campaign against 
resoume nationalism and protectionism in resource 
development. 

U.S. Policy Priorities 

Measures the United States can take to help achieve 
the above objectives include: 

• An energy policy that recognises the need for — and 
actively encourages — ^^long-term investment in 
production both domestically and abroad. 

• Promotion of market energy prices in ah coun- 
tries— many NOCs owe their strong positions to 
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preferentially low product prices in their home coun- 
tries. This will become increasin^y unsustainable in 
a carbon-constrained environment. 

® Continued openness in the United States to 
investment by foreign energy companies — 
especially through the Committee on Foreign 
Investment in the U.S. process. This is a critical 
bargaining chip in the U.S. government’s efforts to 
win greater market access for American companies 
in producing countries. 

« A firm stance opposing the carving out of energy 
investment and energy services from free-trade 
agreements. 

Climate Change 

Political consensus and coordinated national and 
international policies will be needed to facilitate 
long-term investments and technological advances 
as part of any attempt to mitigate climate change. 
Because the world shares a common atmosphere 
and because energy and other markets are 
interconnected, responses to climate change should 
be global. 


Corporate Environmental Strategies 

Consumers are increasingly aware of the environ- 
mental and social impacts of the products they buy. 
This means that energy companies must pay atten- 
tion to their images as socially responsible organi- 
zations, and offer consumers the opportunity to 
purchase cleaner, more efficient energy or energy 
technologies. Companies are increasingly finding 
ways to turn this attention to sustainability and cor- 
porate citizenship to their competitive advantage. 

A Global Response 

The United States has much to gain by strengthen- 
ing the international structures that promote main- 
taining and expanding open global markets and that 
prevent fragmentation of the world economy. How- 
ever reluctant we and other countries may be to admit 
it, energy is a crucial policy area in which the interests 
of the United States and those of the rest of the world 
coincide. If the world does not respond creatively to 
the challenges outlined above, we risk confronting an 
increasinguncertain future, defined by factors beyond 
our control or influence. 
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Abstract 

carbon riioxule (CO^) 

emmions wjH alter the energy mbc, increase .... 
energy-related costs, and nt^uiif K'duriiunN jn 
demand growth Effective caibon managemoiu 
will be aided by developing legal and regulatory ■; 
frameworks to enable carbon capture and 
sequestration (CCS) As policymakers consider 
options to reduce C 02 emissions, thev fare iho 
I h.illi 'igr ot (ic.iling I glnluii tfjnxv.oik th^i 
includes a transparent, predictable, economy-wide . 
cost for carbon emissions. • 

Ihm chapter (onsidcrs (tim.ue, energv. and 
o»ni>.sious comerns by examinii^ the natural - 


c^on cyde in die context of ^obal and U.S. 
energy sources ami uses. Various carbon man- 
agement options raise new reguiatorv' and policy 
implications. 

An outline of the Carbon Management chapter is 
as follows: 

• Carbon management 

• Energyefficieoc>'and demand reduction 

• Transportation 

• Carbon capture and sequestration. 


T here is growing concern that the climate is warm- 
ing and that CO^ emissions play a role. The most 
recent report by the Intergovernmental Panel on 
Climate Change (IPCC) about the physical science 
ba.sis for climate change states; “Most of the observed 
increase in globally averaged temperatures since the 
mid-20th century is very likely due to the obserx^ed 
increase in anthropogenic greenhouse gas concen- 
trations.”’ ("Veiy likely” is greater than 90 percent 
likelihood, according to the IPCC report.) 

Moreover, initiatives in increasing number are 
emerging, within both the public and private sec- 
tors, aimed at reducing carbon emissions. Such a 
trend highlights the potential for carbon constraint 

i ihf liurfh \'-st.si,mtntntpo!t of The Intergovernmental F^ei 
on Clnnate t.hange: (.hmate Change 2007: The Physical Science 

Basis. 


to become a significant feature of future energy 
strategies. In particular, future carbon constraint 
could alter the way in which the world uses the fos- 
sil fuels that currently provide most of our enerj^y. 
Since changes in fossil-fuel use could affect diverse 
lifesnies, economic activity, and energy supply, it is 
becoming increasingly important to plan for ways to 
accommodate carbon-constraint policies within any 
overall energy strategy. 

To better understand the range of potential 
energ>' futures, the Demand Task Group (see Chap 
ter One) studied in detail five publicly available 
worldwide energ^'^-demand projections provided by 
the Energy Information Administration (EIA) and 
the International Energ>' Agency (!E\), Economic 
growth is the primary driver in all these projections. 
The expected economic growth rates were greater 
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than the current annuai rate of 3.1 percent (1980- 
2000} in at! the projections except for the explic- 
itly low-growth ELA Low Economic Growth projec- 
tion. Four of the projections studied are based on 
energy-policy assumptions that extend energy poli- 
cies in effect today. The energy growth rates for these 
four proJecdon.s range from 1.5 to 2.5 percent per year, 
with only the ELA iow Economic Growth projection 
having an energy^ growth rate ICvSS than the 1980-2000 
energy demand growth rate of 1.7 percent per year. 

Policy assumptions can play a major role in deter- 
mining the outcome of energy'^ demand projections. 
Ttie !EA created the Alternative Policy scenario in an 


81 Key Information: Greenhouse Gases 


attempt to estimate future energy' demand, given tlie 
imjor energy policies nowunder consideration by gov- 
ernments around the world. Currently, there are more 
than 1,400 energy-related policies either in place or 
proposed by various countries. The lEA first removed 
from the list policies already in place. From the remain- 
ing policies, it Incorporated tfjose that are likely to be 
implemented in the future. These additional policies 
included tliose that increased biofiieLs use: increased 
the use of other renewable energy sources; increased 
die use of nuclear-power generation; created an envi- 
ronment that promoted energy efficiency; encouraged 
clean-fuel technologies use: and increased the produc- 
tion of domestic fuel supplies. 


under control and tlien made to decline year 
after year. 

^ V to reducttxg the grtJwth of the 

levels of greenhouse gases m the atmosphere 
must mctude either reducing the emissions 
of COj to the atmosphere or enhancing 

the Milk" lUI to '}■• ',4*1 Oulv !■' 

achieved by reducing the amount of fossil fuel 
burned or by capturing the produced COj and 
preventing it from reaching the atmosphere. 
Enhancing carbon sinks can be achieved fay 
imroauiig the )lla^^ oi i uhou m >1 up u, i!>> 
biosphere. For example, growing more trees 
In forests, attempting to induce the growth of 
algae blooms in oceans, or using more no-till 
farming methods (increasing carbon uptake 
in soils) could reduce the levels of COj in the 
atmosphere. 

Other greenhouse gases also can be cuitailed. 
Agricultural practices such as reduced use of 
fertilizer {reducing nitrous oxide emissions); 
and collecting and flaring or bumilig meth« 
ahe from livestock waste, landfills, and coal 
mines could also play a role in offsetting future 
^eeiihouse gas emissions. In addition, rediic- 
fijg leakage of sulfur hexafluoride from utility 
transmission and distribution equipment, attd 
desftoying or avoiding production of fluori- 
nated ^ises and nitrous oxide could also help 
con^l greenhouse gases. 


: TTie earth maintains an equiUbriuin tempera- 
ture by re-radiating the energy it receives 
from the sun. So-caUed “greenhouse gases'^ 
trap some of the re-radiated energy. Much of 
the debate in the past was not directed at the 
link between global temperature and climate 
change, but more towards the degree of global 
warming and the role of man-made greenhouse 
gases versus the role of natural mechanisms. 

Greenhouse gases include carbon dioxide 
(COi), methane (CKfi, fluorinated gases (CFCs), 
sulfiif hexafluoride (SF«). and nitrous oxide 
(N:.0). to which human activity contributes 
atmospheric emissions. Of these, carboft 
dioxide is the most significant in its potential 
impact on global temperatures. The degree of 
wanning is linked to the total volume of CO?- 
in the atmosphere; since the beginning of 
the industrial revolution, the amount of CO 2 
in the atmosphere has risen by about a third, 
from around 2.100 biliion tons to around 
2,750 billion tons. These figures are usually 
expressed as concemrations of COj in parts per 
miliion of th^ total mass of the atmosphere. 
The pre-industrial levels of CO 2 were about 
280 parts per million and current levels are 
rising through 380 parts per million. In order 
to stabilize the concentration of CO 2 and other 
greenhouse gases in the atmosphere, annuai 
^obal emissions would have to be brought 
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The combined results of the five projections can be 
summarized as follows: 

• Generally the projected world oil share of energy 
demand is lower in the future, while the natural gas 
and coal shares are higher. 

• The projected nuclear share of world energy 
demand is low'^er in all cases except the Alternative 
Policy Case, where it is about the same as in 2000. 

• Global CO 2 emissions were 24 billion metric tons 
in 2000, growing to a projected range between 34 
(Alternative Policy Case) and 51 (High Economic 
Growth Case) billion metric tons in 2030. 

• Projected IJ.S. energy demand growth rate is higher 
in the future than in the past in all but the Alterna- 
tive Policy Case. 

• Projected energy shares align in essentially the 
same way in the United States as in the rest of the 
world. 

• The U.S. rate of growth of CO 2 emissions is pro- 
jected to increase more slowly in the future than in 
the past, except in the High Economic Growth Case 
where emissions may grow more rapidly than in 
the past. 

In light of these projections and the likelihood that 
some carbon constraint will emerge, and the assump- 
tion that the world will want to continue to use fossil 
fuels for a large fraction of energy requirements in tbe 
foreseeable future, it is important that governments 
and industries plan to accommodate a carbon con- 
straint in their energy strategies. It is unlikely that 
the continued use of oil. natural gas, and coal, could 
remain unaffected in a carbon-constrainod world. 

CARBON MANAGEMENT 

By its nature, climate change is global. The inter- 
relation between energy and other markets requires 
that an effective response to climate change also, ulti- 
mately, be global. Carbon emissions from burning 
fossil fuels, combined with those from changing land 
use, augment the large natural flux of carbon between 
the atmosphere, the land, and the oceans (see Figure 
5-1). Rapid mixing in the atmosphere ensures that 
CO 2 emitted anywhere in the world is quickly distrib- 
uted about the globe, and since the start of the indus- 
trial era, the mass of CO 2 in the world's atmosphere 
has risen by a third. 


Without international cooperation in the com- 
ing decades, achieving significant reductions in CO 2 
emissions would be elusive, and disparity in national 
responses would create challenges to the interna- 
tional trade regime as different nations sought to 
address and prioritize what they saw to be their own 
particular concerns. 

Approaches to reducing CO 2 emissions could 
include the following elements: 

• Energy efficiency and demand reduction 

- Better and more efficient use of energy in all sec- 
tors, including transportation, buildings, indus- 
trial energy use, and power generation 

- Improved efficiency will need to be translated 
into reduced energy demand rather than solely 
into increased performance 

• Use of lower-carbon fuels 

- Shift from coal to natural gas 

• Use of non-carbon based power 
(“decarbonization”) 

- Nuclear power 

- Wind power 

- Solar power 

- Ocean and geothermal power 

• Use of “carbon neutral" energy sources 

- Biomass to augment power generation 

- Biofuels to augment hydrocarbons used for 
transportation 

• Carbon capture and sequestration 

- Preventing the release to the atmosphere of CO 2 
generated by the combustion of fossil fuels. 

Innovation and deployment of new energy tech- 
nologies in global energy systems could improve the 
potential for significant reductions in CO 2 emissions 
while maintaining the desired level of economic 
activity. This would require substantial private- and 
public-sector investments in research, development, 
demonstration, and deployment. The most cost- 
effective CO 2 policies would involve broad, technol- 
ogy neutral, market-based mechanisms to create 
incentives for the private sector to undertake these 
technology changes. 
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Source: OSTP NanoEnercjy Brief, 10 August 2005, available atvirvvw.er.do6.gov/bes/present.ations/OSTP,N3noEnercjyBrk’f ,'IOAUGOS.pdf 
(based on D. Schlmel, D. Alves, 1. Enting, M. Heimann. F. Joos. D. Raynaud, and T. Wtgiey, 1995: "COj and the Carbon Cycle"). 


FIGURE 5-L The Global Carbon Cycle, with 1990s Carbon Fluxes in Gigatons of Carbon (GTC) per Year 


The Continued Use of Domestic Energy' 
Resources under Carbon Constraint 

Current^, fos.5iI fuels {oil, natural gas, and coal) pro- 
vide more tlian 80 percent of the world's energy needs. 
In terms of ^obal CO 2 emissions from fossU fuels, ofl 
accounts for 39 percent of these emissions and natural 
gas for 20 percent, while coal accounts for the remain- 
ing 41 percent.^ Within the United States, fossil fuels 

2 Internatiaiuil liiiergy Agency World Energy Outlook 2006. 


similarly provide more than 80 percent of the nation’s 
energy needs, as shown in Figure 5-2, whidi details 
the distribution both of the sources and the uses of the 
national energy budget in units of 10''’ Bm (quad^s) (where 
1 quad = 293 billion kilowatt-hours). The figure reveals 
both the degree of dependence on fossil friels and the 
amount of energy lost, which in turn provides some mea- 
sure of the potential scope for efficiency improvements. 

Absent societal and market re,sponses to climate 
change, oil, natural gas, and coal would continue to 
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play a major role in energy supply over the next three 
decades and beyond. In particular, because of its 
high energy density, and the convenience of using a 
liquid fuel, petroleum would continue to dominate 
transportation. Conventional oil, heavy oils, and, to 
a lesser extent, biofuels and liquid fuels derived from 
natural gas and coal would ensure continuity of sup- 
ply for transportation at relatively low cost. At the 
same time, heat and power would be dominated by 
coal and natural gas from domestic resources. 

The question arises: What happens to this projec- 
tion if there is significant constraint on CO2 emissions? 
Given that most energy-related CO2 emissions come 
from fossil fuels, the use of these resources cannot 
remain unaffected in a carbon-constrained world. A 
combination of improved efficiency, demand reduc- 
tion, decarbonization, and CCS would be needed to 
reduce emissions. CCS would strongly determine the 
extent to which we could continue to use a variety of 
fossil fuels, and in particular It would enable the con- 
tinued use of the large domestic U.S. coal reserves 
while still reducing CO2 emissions. Similarly, incor- 
porating CCS. China and India could reduce their COj 
emissions while continuing to use their own substan- 
tial coal reserves. 

ENERGY EFFICIENCY AND 
DEMAND REDUCTION ♦ 

Improving the efficiency of energy use within the 
industrial, commercial, domestic, and transportation 
sectors has the potential to reduce energy use vkitbout 
reducing economic activity, and to reduce the associ- 
ated CO2 emIssionsS. However, to achieve this, incen- 
tives would be needed to encourage investments in 
higher-efficiency capital and to encourage using 
newly gained efficiency to actually reduce demand. 
Key to stimulating long-term investment by the pri- 
vate sector in more energy-efficient capital would 
be a steady, predictable, long-term increase in the 
cost of CO2 emissions. This would be enhanced by 
government incentives to economically retire older, 
high-C02 emitting plants as well as to invest in newer, 
low-emissions capital. Incentives in the building sec- 
tor, both commercial and domestic, would be needed 
to encourage the use of higher-efficiency construc- 
tion techniques and efficient cooling and heating sys- 
tems, which often come at a higher initial cost with a 
long “pay-back” period. 
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TRANSPORTATION 

While CCS can address CO2 emissions from coal 
and the extra emissions associated with producing 
unconventional oil, it cannot address the tail-pipe 
emissions produced when using hydrocarbon fuels for 
transportation. If we wished, in a carbon-constrained 
world, to continue significant use of gasoline and die- 
sel as transportation fuels, and at the same time to 
reduce CO2 emissions, then other approaches would 
be needed. The appropriate measures to achieve 
such reductions would focus largely on a combina- 
tion of improved engine efficiency and on regulatory 
mechanisms to reduce demand. 

There is potential to almost double the efficiency of 
existing gasoline- and diesel-powered vehicles. And 
there are technologies to augment internal-combus- 
tion engines in cars using electric hybrids and plug-in 
electric hybrids, which are already available. So long 
as the centralized electricity generating plants control 
CO2 emissions, then the electrification of cars helps 
reduce overall CO2 emissions as well as reduce the 
requirements for oil imports. Examples of such solu- 
tions include integrated coal-fired power with CCS 
or alternative low-carbon electricity sources such as 
nuclear, wind, or other renewables. 

However, technical efficiency improvements may 
not. by themselves, lead to a reduction in the demand 
for hydrocarbon fuels. Over the past two decades, 
light-duty vehicle efficiency improvements in the 
United States have been countered by increased miles 
driven and heavier, higher-performance vehicles. 
Active policies to reduce demand for transportation 
fuel would be an important element in any portfo- 
lio of strategies to reduce CO2 emission in a carbon- 
constrained world. Demand reduction could be 
achieved by combining approaches that reflect tbe 
following considerations: 

• Reducing carbon emissions from transporta- 
tion would have key importance in a carbon- 
constrained world. 

• Public education, particularly of the next genera- 
tion of consumers, would play an important role in 
long-term strategies to reduce demand. 

• Improved engine efficiency enables demand reduc- 
tion, especially if accompanied by other mecha- 
nisms to reduce demand. 
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• Increasing fuel price is unlikely to be sufficient 
by itself. A combination of increased price and 
regulation would probably he necessary to reduce 
demand effectively. 

• Government incentives to increase the use of pub- 
lic transport would help reduce demand for trans- 
portation fuel. 

• Congestion charges and high-occupancy vehicle 
(HOV) systems would further help reduce fuel 
demand. 

• Government incentives to retire older, less-effi- 
cient vehicles would help reduce fuel demand, and 
programs to audit the energy efficiency of the exist- 
ing fleet would be an effective complement to such 
incentives. 

CARBON CAPTURE 
AND SEQUESTRATION ♦ 

In a carbon-constrained world, CCS would allow us 
to sustain many of the benefits of using hydrocarbons. 
Even where the CO2 generated by burning hydrocar- 
bons cannot be captured easily, as with using oil for 
transportation, sequestering COj from other sources 
(such as coal-fired power stations) can help create — 
to some degree — the margin needed to allow for the 
volumes of CO2 that escape capture. Fossil fuels are 
likely to remain an important part of the energy mix. 
because of the continuing competitive (direct) cost 
of hydrocarbons, and the huge investment already 
made in Infrastructure to deliver them. Therefore, 
the combination of fossil fuel use with CCS is likely 
to be emphasized as a strong complement to strate- 
gies involving alternative, non-hydrocarbon, energy- 
supply sources, and to measures designed to encour- 
age more efficient energy use. Here we compile key 
questions about the potential for CCS technology. 

What is the Contribution of CCS 
to Maintaining Energy Supply 
from Fossil Fuels? 

In a carbon-constrained world, CCS would play 
a key role in allowing the continued use of coal and 
the growing use of unconventional oil. By providing 
a means for dealing with a significant fraction of the 
CO2 emissions from fossil fuels, CCS would allow us to 
retain fuel diversity for many decades. CCS would be 
implemented largely in association with burning coal, 
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which, worldwide, now accounts for 41 percent of all 
CO2 emissions from fossil fuels. At the same time, 
chemical plants and centralized power generation 
using natural gas or oil could also incorporate CCS. 

The growing need to provide transportation will 
increase the pressure to move towards other fos- 
sil sources for liquid fuels, such as unconventional 
oil {heavy oil, shale oil, tar sands) and coal-to-liquids 
fCTL) technologies. Since exploiting these resources 
comes with a significantly heavier CO2 burden than 
with conventional oil and natural gas, then in a carbon- 
constrained world, CCS would become increasingly 
important. CCS can be directly applied to the extrac- 
tion of unconventional oil and to the CTL process, 
and has the potential to mitigate the extra CO2 burden 
beyond {hat from using these fuels for transportation. 
This facilitates their use under carbon constraint. 

CCS also has application to disposal of petroleum 
coke (petcoke), which is the “bottom of the barrel” 
residue produced by the world’s refineries. Petcoke is 
similar to coal as a fuel, but petcoke's generally higher 
sulfur level can be a significant challenge to its use for 
power generation. However, gasification, along with 
CCS. makes it possible to burn polluting fuels like 
petcoke because removing pollutants from a high- 
pressure gas stream is much cheaper than from a 
stack. Petcoke-fueled power, combined with CCS, 
has the potential to Transform a costly problem into a 
profitable technology. 

What is the Level of Readiness 
for Large Scale CCS? 

The technologies for capturing COj from pre- and 
post-combustion gas streams are available. However, 
their costs are somewhat uncertain and constralnt.s 
remain on the levels of oxygen, particulates, and sul- 
fur oxides for effective extraction using conventional 
amine solvents. Current capture technologies also 
prefer steady-slate conditions that do not always pre- 
vail in The power-generation industry. Similar con- 
cerns apply to the more sophisticated pre-combiis- 
tion capture. However, broadly speaking, the capture 
technologies exist and are not critically dependent on 
new technological breakthroughs. The same is true 
for CO2 sequestration technologies; the oil industry 
has extensive experience with pumping liquids into 
subsurface formations and evaluating the security of 
these formations for storage. Currently, several pilot 
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projects have successfully demonstrated sequestra- 
tion of CO 2 in volumes amounting to millions of tons. 

Still missing is the demonstration of fully integrated 
CCS at commercial scale, along with an established 
legal and regulatory environment that will enable 
and encourage CCS. There is, we believe, a strongly 
growing need within the United States to implement 
full-scale integration of power generation and CCS. 
Elsewhere, there are efforts to create just such inte- 
gration. China, in particular, with funding from the 
European Union, plans a full-scale plant with CCS 
within the next five years. The United States should 
not delay such implementation while awaiting fur- 
ther research. VVe recommend that the United Slates 
achieve the necessary refinements in the largely exist- 
ing technologies by accelerating full-scale implemen- 
tation. Further, the United States should share its 
experience wdth other nations. 

Does the Capacity for Underground 
Storage Exist? 

It is very likely that there is ample storage space in 
subsurface formations to store enough CO 2 to sub- 
stantially alleviate atmospheric emissions. What is 
less well known is the distribution and availability of 
these storage resources. While exhausted oil and nat- 
ural gas reservoirs will provide room for considerable 
amounts of CO 2 , it will probably be necessary to also 
use deep saline formations, depending, for exam- 
ple, on the siting requirements for power stations 
with CCS. Subsurface storage space will become a 
resource, with its own supply curve, and vvc recom- 
mend that the United States extend activities by the 
Carbon Sequestration Regional Partnerships and 
conduct, at a federal level, a full survey of the nation’s 
potential sequestration .sites. A preliminary map of 
potential U.S. storage sites is shown in Figure 5-3. 
Other nations should be encouraged to do the same. 

What is the Cost of CCS 
Compared to Other Approaches 
to Carhon Mitigation? 

CCS represents a competitive way to address a sub- 
stantial fraction of the potential need for carbon miti- 
gation; the IPCC Special Report on Carbon Dioxide 
Capture and Storage points out that including CCS m 
a mitigation portfolio could achieve suitable stabUiza- 
tion of CO 2 concentrations in the atmosphere at a lower 


cost tfian otherwise.^ The IPCC report observes; "Mod- 
els indicate that CCS systems will be competitive with 
other large-scale mitigation options such as nuclear 
power and renewable energy' technologies. These 
studies show that including CCS in a mitigation port- 
folio could reduce the cost of stabilizing COz concen- 
trations by 30 percent or more. One aspect of the cost 
competitiveness of CCS technologies is that they are 
compatible with most current energy infrastructures." 

Current estimates for the cost of CCS implemen- 
tation on coal and natural gas fired power plants are 
about S40/ton of COj. This includes the cost to cap- 
ture the CO 2 , compress it to supercritical (liquid) form, 
and inject it in the subsurface for sequestration. To 
put this cost in perspective, $40/ ton of CO 2 equates to 
between 2 and 4 cents per kilowatt-hour depending 
on the fuel source, with gas at the lower end of the 
range and coal at the upper end. 

Efforts to reduce CCS costs would focus on capture 
technology, which today accounts for about half the 
cost. There is considerable scope for improving the 
current capture technologies, and for implement- 
ing new ones. Nonetheless, research in these areas 
should parallel implementing current technologies, 
and should not serve as a reason to delay a rapid start 
on fudl-scaJe CCS. 

What is the Role of CO-i-Based 
Enhanced Oil Recovery (COa-EOR) 
in CCS? 

Large volumes of naturally occurring CO 2 obtained 
from underground deposits are currently used by 
the oil industry to eniiance tlie recovery of oil from 
mature reservoirs."*'^ This CO 2 -EOR is currently con- 
ducted without regard to storing the CO 2 “downhole.” 
However, with relative ea.se present technology could 

3 Intergoverninental Panel on Climate ('hange, IIK'C Special Re- 
port on Carbon Dioxide Capture and Storage, 2005, Interlachen, 

h 1 ! p: / / WWW. i jKx ,1 ti 

4 Melzer LS (etl.), "002 Sourcing for Enhanced Oil Recovery,” The 
University of Texas of tlie Permian Basin’s Center for Energy and 
Economic Diversification Short Course #1.3 on Carbon Dioxide 
Flooding. Presented at the Annual C02 Flooding Conference, 
Midland. Texas, December 6, 2004. 

5 Bliss K. "Final Report for DOH Award No. DE-FC26-03N'r41994, 

Admendmcnt No. AOOO," report submitted by the Interstate Oil 
and Gas Compact Commission, Oklahoma City, OK (January 
24, 2005); 31, available at PHI S- 
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be modified to emphasize such storage. In a carbon- 
constrained world, we could also expect rising pres- 
sure to use anthropogenic CO 2 to drive this recovery 
enhancement, which would lead to a net reduction 
in atmospheric CO 2 . While the likely extent of CO 2 - 
EOR provides a relatively small fraction of the capac- 
ity needed for CO 2 sequestration, it does offer a strong 
technology bridge to carbon-sequestration technolo- 
gies and should be encouraged as an important ele- 
ment ofaCCS strategy. Government incentives for CO 2 
storage in association with CO 2 -EOR, and new arrange- 
ments for developing suitable infrastructure for com- 
mercial use of anthropogenic CO 2 for EOR with storage, 
could help CO 2 -EOR for storage succeed, particularly as 
CO 2 becomes increasingly available (and increasingly 
cheap) under a wide-scale adoption of CCS. 

Regulation 

The technological hurdles to effectively implement- 
ing CCS are surmountable. However, the regulatory 
framework within which CCS is deployed will play an 
important role in determining CCS's future. The leg- 
islative framework within which CCS is conducted will 
have a major impact on how rapidly the technology is 
implemented. And legislation will ultimately determine 
whether CCS can effectively mitigate carbon emissions 
and facilitate using future hydrocarbon supplies. 

During a 2006 G8 forum on carbon sequestration.® 
more than 120 participants from 15 nations identified 

6 G8 InternationaJ Energy Agency (lEA) & Carbon Sequestration 

Leadership Forum (CSLF) First Workshop on Near Term Oppor- 
tunities. held 22-23 August 2006, San Francisco. 


5 critical areas of regulation that need to be resolved 
in order to facilitate the near-term deployment of 
CCS: 

• Ownership and liability of CO 2 at every step along 
the “value chain” 

• Regulatory treatment of CO 2 and other gases in the 
CO 2 stream 

• Monitoring, verification, and remediation 

• Property rights and intellectual property 

• Jurisdictional and trans-boundary issues. 

Moreover, the roles of federal and state govern- 
ments, regarding which authority is responsible for 
which regulation or permitting process, need clarifi- 
cation. Such clarification will help attract commercial 
players into the carbon capture and storage market. 
Participants of the G8 forum felt that “progress can- 
not be made on near term opportunities if this issue 
is not resolved.” 

CCS Conclusion 

In summary, CCS would greatly facilitate the sus- 
tained use of oil, natural gas, and coal to meet U.S. 
energy demands in a carbon-constrained world. 
Moreover, it would reduce the pace at which we would 
otherwise need to develop and employ alternative 
energy sources. CCS is viable and its introduction is 
not limited by any need for significant technological 
breakthroughs. 
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Abstract 

The NPC study participattts developed recom- 
jniendations in the following five strate^c areas. 
Siiiiiy no.Mi> ipiinS'* that irnpleini ruing these 

five strategies will enable industry and government 
to more adequately prepare for the hard energy 
truths Ibidng the United States and the wortd, 

"nie NPC makes the following policy recommen' 
dationsbystiategy. 


• Moderate demand Iw nicu’asmg energy 
efficiency 

• Expand and diversify U.S. energy supply 

• Strengthen global and U.S. energy security 

« Reinforce capabilities to meet new chaUenge^s 

• Address carbon constraints 


■ Moderate Demand by Increasing Energy Efficiency 
Improve Vehicle Fuel Economy ■» 


The NPC makes the following recommendations 
to increase vehicle fuel economy: 

• Improve car and light-truck fuel economy stan- 
dards at the maximum rate possible by applying 
economic, available technology 

- Update the standards on a regular basis. 

- Avoid further erosion of fuel economy standards 
resulting from increased sales of light trucks, or, 
aitemativeiy. adjust light-truck standards to 
reflect changes in relative light-truck and car 
market shares. 

Potentlai Effect! 3-5 million barrels of oil per day in 
the United States from the lncrea.sed base in 2030. 


Reduce Energy Consumption in the 
Residential and Commercial Sectors 4 

Building Energy Codes 
Appliance and Equipment Standards 

The NPC makes the following recommendatioits to 
improve efficiency in the residential and commercial 
sectors: 

• Encourage states to implement: and enforce more 
aggressive energy efficiency building codes, up- 
dated on a regular basis. 

• Establish appliance standards for new products. 

• Update federal applian(x=! standards on a regular basis. 

Potential Effect: 7-9 quadrillion Btu per year by 2030 
in the United States, including 2-3 quadrillion Btu 
per year of natural gas (5-B billion cubic feet per day), 
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4-v5 quadrillion Btu per year of coal, and ~l quadril- 
lion Btu per year {0.5 million barrels per day) of oil. 

Increase Industrial Sector Efficiency ♦ 

The NPC makes the following recommendations to 
improve efficiency in the industrial sector: 

• The Department of Energy should conduct and 
promote research, development, demonstration. 


and deployment of industrial energy efficiency 
technologies and best practices. 

• The research and development tax credit should be 
permanently extended to spur private research and 
development investments. 

Potential Effect: 4-7 quadrillion Btu per year by 
2030 in the United States, about equal parts coal, 
gas. and oil. 


■ Expand and Diversify U.S. Energy Supply 


Understanding the Range of 
Production Forecasts 

Recommendations for improved understanding 
of forecasts and data are discussed specifically in 
the section “Improve the Quality of Energy Data and 
information" later in this chapter. 

Reduce Declines in U.S. Conventional Oil 
and Natural Gas Production ♦ 

The NPC makes the following recommendations to 
promote enhanced oil recovery (EOR) from existing 
reservoirs: 

• Support regulatory streamlining and research and 
development programs for marginal wells. 

• Expedite permitting of EOR projects, pipelines, and 
associated infrastructure. 

Potential Effect: An additional 90 to 200 bllUon bar- 
rels of recoverable oil in the United States alone, which 
could help slow the current decline in production 

Increase Access for 

New Energy Development ♦ 

The NPC makes the following recommendations to 
expand access to the most favorable U.S. oil and natu- 
ral gas basins: 

• Conduct national and regional basin-oriented 
resource and market assessments to identify oppor- 
tunities for increasing oil and natural gas supply. 

• Use technology and operational advancements to 
allow environmentally responsible development of 
high potential onshore and offshore areas currently 
restricted by moratoria or access limitations. 


Potential Effect: Material increases to current pro- 
duction within 5 to 10 years from currently inacces- 
sible areas could approach 40 billion barrels of oil and 
250 trillion cubic feet of natural gas with current tech- 
nology. 

The NPC makes the following recommendations to 
increase unconventional oil and natural gas production: 

• Accelerate U.S. oil shale and oil sands research and 
development and leasing. 

• Accelerate U.S. unconventional natural gas leasing 
and development. 

Potential Effect: Double U.S. unconventional natural 
gas production to more than 10 billion cubic feet per 
day. increasing total U.S. natural gas production by 
about 10 percent. 

Diversify Long-Term Energy Production ♦ 

Accelerate the Development of Energy 
from Biomass 

The NPC makes the following recommendations to 
accelerate development of biomass energy sources at 
large commercial scale: 

• Support research into second-generation biofuel 
crops that have lower input requirements or are 
suited to more marginal lands. 

• Promote agricultural policies that enhance global 
production of both food crops and biomass for fuel. 

• Support policies that promote the development of 
the infrastructure for harvesting, storing, and trans- 
porting energy crops, and facilitate the integration 
of biofuels into the national transportation fuel 
supply. 
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Potential Effect: Increase U.S. production by up to 
4 million barrels per day of oil-equivalent liquids' 

Enable the Long-Term Environmental 

Viability of Coal for Power, Fuel, and 

Feedstock 

Recommendations for maintaining coal’s long- 
term viability are discussed specifically in the section 
"Address Carbon Constraints” later in this chapter. 

Expand Domestic Nuclear Capability 

The NPC makes the following recommenda- 
tions to expand the domestic technical and indus- 


1 The "Billion Ton Sliidy" - Biomass as a Feedslock for a Bioenergy 
and Bioproducts Industry: The Technical Feasibility of a Billion- 
Ton Annual Supply. IJSDA and USDOE, April 2005, available at 


trial capabilities of the nuclear energy/power in- 
dustry: 

• Implement the recommendation by the National 
Commission on Energy Policy^ to provide $2 billion 
over ten years from federal energy research, devel- 
opment, demonstration, and deployment budgets 
for demonstration of one to two new advanced 
nuclear facilities. 

• Fulfill existing federal commitments on nuclear 
waste management. 

Potential Effect: Reestablish U.S. leadership capabil- 
ity. Maintaining a viable nuclear energy option will 
increase policy choices in future carbon-constrained 
circumstances. 


2 See onu’ntPilft^ 'rci'di ; ticiii 

irijiMHCtivc I EiliUliravibcSd iiiU, page IV 


■ Strengthen Global and U.S. Energy Security ♦ 


The NPC makes the following recommendations to 

promote global and U.S. energy security: 

• Integrate energy policy into trade, economic, emi- 
ronmental, security, and foreign policies by having 
the Department of Energy share an equal role with 
the Departments of Defense. State, Treasury, and 
Commerce on policy issues relating to energy and 
energy security. 

• Continue to develop the internadonal energy market- 
place by expanding the energy dialogue with major 
consuming and producing nations, including China, 
India. Canada, Mexico, Russia, and Saudi Arabia. 

• Promote an effective global energy marketplace 
by sustaining and intensifying efforts to encour- 


age global adoption of transparent, market-based 
approaches lo energy through multilateral and 
international institutions — including the World 
Trade Organisation, G8, Asia-Pacific Economic 
Cooperation (APEC), lEA, International Energy 
Forum, and the loint Oil Data Initiative (JODI). 

• Assist and encourage global adoption of energy 
efficiency technologies through technology trans- 
fer programs and lend-lease arrangements. 

Potential Effect: Restricted resource access and cur- 
tailed production could put potential 2030 global 
liquid (25-35+ million barrels per day) and gas (150- 
200+ billion cubic feet per day) incremental growth 
at risk. 


■ Reinforce Capabilities to Meet New Challenges 


Develop a Comprehensive Forecast of 
U.S. Infrastructure Requirements ♦ 

The NPC makes the following recommendations 
lo improve understanding of infrastructure needs to 
meet future U.S. energy system growth: 


• The Department of Energy (DOE) should develop 
an integrated study of the energy infrastructure 
needs to 2030. 

• The EIA should incorporate infrastructure-related 
data into its energy information collection system. 
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Rebuild U.S. Science and Engineering 
Capabilities ♦ 

The NPC makes the following recommendation to 
enhance U.S. science and technical education pro- 
grams; 

• Provide support to those seeking engineering and 
other technical degrees, both undergraduate and 
graduate, by increasing scholarships and research 
funding at universities and support for technical 
schools. 

The NPC makes the following recommendation to 
make it easier for retirees to continue working as con- 
sultants, teachers, and coaches: 

• Modify the U.S. tax code and retirement plan reg- 
ulations to allow part-time work after retirement 
without penalty. 

The NPC makes the following recommendation to 
increase the supply of trained energy professionals in 
the United States: 

• Increase student and immigration quotas for trained 
professionals in energy and technical fields. 

Create Research and Development 
Opportunities ♦ 

The NPC makes the following recommendations to 
expand research and development opportunities to 
support long-term study goals: 

• Review the current DOE research and development 
portfolio to refocus spending on innovative, applied 
research in areas such as EOR, unconventional oil 
and natural gas, biofuels, nuclear energy, coal-io- 
fuels, and CCS. 

• Maintain a fundamental research budget in the 
DOE Office of Science to support novel technolo- 
gies. 


• Focus and enhance research in the U.S. universities 
and National Laboratories. 

• Encourage DOE, Department of Defense, and 
industry cooperation in innovative areas of devel- 
opment, such as advanced materials and metocean 
information and analyses. 

Improve the Quality of Energy Data and 
Information ♦ 

The NPC makes the following recommendations to 
enhance the quality of energy data and information: 

• Expand data collected by EIA and lEA to provide 
additional sources of production and consump- 
tion data for inclusion in annually prepared public 
domain energy outlooks. 

• Expand funding for data collection and analysis of 
energy transportation systems to enable informed 
infrastructure decisions. 

The NPC makes the following recommendations 
to update publicly available global endowment and 
resource estimates; 

• The uses should conduct a comprehensive geo- 
logical assessment of U.S. and global oil and natu- 
ral gas endowment and recoverable resources. 

- Incorporate wider participation of industry and 
international experts and current data. 

• The uses should conduct a new, comprehensive 
survey of U.S, and global recoverable coal resources 
and reserves using common analysis and reporting 
methodologies. 

• TheU.S.DepartmentsofEnerg>'andAgricultureshould 
conduct a global biomass resource assessment, 

l^tential Effect; Timely and better informed policy 
decisions based on shared understanding of critical 
resource data 


■ Address Carbon Constraints 


Enable Carbon Capture 
and Sequestration ♦ 

The NPC makes the following recommendations to 
enable long-term environmental viability of coal for 
both power and fuel: 


• Establish a legal and regulatory framework that is 
conducive to CCS. 

- Provide regulatory clarity for land use and liability 
policies. 

- Provide access to federal lands for storage. 
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• Enable full scale CCS and clean coal technology 
demonstration. 

- Organize efforts between the power and oil/ 
natural gas industries. 

• Undertake a national CO 2 sequestration capacity 
assessment. 

“ Build on the existing efforts being undertaken hy 
the DOE Regional Partnerships. 

- Encourage global application. 

• Continue federal research and development sup- 
port for advanced coai-to-fuel technologies. 

Potential Effect: Maintaining coals projected 30 per- 
cent contribution (54 quadrillion Btu per year in 2005) 
to the future U.S. energy mix, including potential coal- 
to-liquids production, even in carbon-constrained cir- 
cumstances. 


As policymakers consider actions to reduce CO 2 
emissions, the NPC recommends including; 

• An effective global framework for carbon manage- 
ment incorporating all major emitters of CO 2 and 
focusing particularly on opportunities for U.S.- 
China cooperation. 

• A U.S. mechanism for setting an effective cost for 
emitting CO 2 that is: 

- Economy-wide, market-based, visible, transpar- 
ent, applicable to all fuels. 

- Predictable over the long term for a stable invest- 
ment climate. 

• A credit for CO 2 used in enhanced oil and natural 
gas recovery. 
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Chapter 




Abstract 

The global Oil and gas study prep bv Mu* 
National Petroleum Council (NPC) is unique in 
scope and participation. The complexity and 
scale of integrated energy markets, and the long 
lead-times necessary to make material changes 
K-ijUiK'd I- nji<\ ib<'it!ori!> aKing-tcrm compioluMi- 
sive view of supply, demand, infrastructure, tech- 
nology, and geopolitics. To achieve this, more than 
' Mil-Apt M p H!u ipaiits imni dixi-rse LackKrouiuU 
and organizations joined in a comprehensive work 
effort based on sound data and science. I'he e^oit 
included anai^'sis of multiple puUic and aggre-; 
gated proprietary energy outlooks, and required 
subgroupsto address rhemesasdlverseasdeepwa- 
ter exploration, renewable energy, transportation 
. 01(1 hiiiuiin icsontius hi cidihtuiii, 
Piori‘ than i.OOt) persons and groups ,icMvi>ly 
involved with energy issues provided feedback 
tluou^i a forma! outreach program. The" study 
includes core .strategies and key lecommenda* 
tions for policymakers. When developing find- 
ings and recommendations, the stitdy leadership 
sought to balance economic, security, and envi- 
roTtmentai perspectives. 

This chapter describes bow die study was orga- 
nized and contiucted. It describes the participants 
and expert task groups, identifies cross-cutting 

T his report originated in late 2005, when Secretary 
of Energy Samuel Bodman requested that the NPC 
undertake a study on the ability of global oil and 
natural gas supply to keep pace with growing world 


topics that emerged^ details the data streams used 
for analyses, and explains how a data warehouse 
was created. An iinpoitam feature of the report is a 
survey of 24 parallel studies that were recenlJy pub- 
lished. The full report will be distributed broadly to 
government and public audiences. 

, . The outline for this chapter is as follows; 

• Guiding Principles 

. Study Or^uiization 
Task Groups 
« Q^ss-Cutting Groups 
' V-* Integration Team 

• infomiation Management 
■ : - - An Analytical Approach 

' - Storing Information—Tlie IJata Warehouse 
^ - Public Data and Information 
' - Proprietary Data and Information 
- Parallel Stupes 

• Summary. 

demand. The Secretary suggested three questions 
that might be considered: 

• What does the future hold for global oil and natu- 
ral gas supply? 
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® Can incremental oil and natural gas supplies be 
brought on-line, on-time, and at a reasonable 
price to meet future demand without Jeopardking 
economic growth? 

® Wlial oil and gas supply strategies and/or demand- 
side strategies does the Council recommend the 
U.S. pursue to ensure greater economic stability 
and prosperity? 

Accepting the Secretary’s request, the NPC formed 
the Committee on Global Oil and Gas with Lee Ray- 
mond, former Chairman and Chief Executive Officer 
of Exxon Mobil Corporation, as its Chair. Clay Sell, 
the Deputy Secretary of Energ>', was designated by 
Secretary Bodman to serve as the study's Govern- 
ment Cochair. From the 54 NPC members of the 
Committee on Global Oil and Gas. Mr. Raymond 
appointed four as Vice Chairs for specific areas of 
the study. These six served as an "Executive Com- 
mittee” to oversee the study process. A Coordinating 
Subcommittee (CSC) was created to guide and focus 
this ambitious undertaking. Additionally, four task 
groups and 36 subgroups assisted in the conduct of 
the study. The study organization is described more 


fully in the Preface and is outlined in Figure 7-1, The 
rosters of all the study groups are in AppciKlix B. 

The CSC included members from government, 
industry and non-governmental organizations to 
provide a wide range of skills and viewpoints, as 

shown in Figure 7-2. 

GUIDING PEINCIPLES 

The CSC's first task was to set the study’s bound- 
aries and guiding principles. First, the study lead- 
ership recognized that this undertaking would be 
incomplete without exaraimng all the dimensions 
of the energy debate including alternative energy 
sources. Second, the CSC decided the study would 
not create a new forecast of demand, supply, or price 
offering yet another perspective on the uncertain 
energy outlook. Rather, the study would analyze 
existing projections and outlook.s to identify under- 
lying assumptions, understand w'hy they differ, and 
thereby identify critical factors governing the future 
of oil and gas to 2030. Third, the CSC decided to 
consider and balance other points of view, including 
economic, environmental, and security goals. These 
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DEMAND TASK GROUP 
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FIGURE 7-1. Study Organization 
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three decisions enabled the NPC to create an origi- 
nal study with broad perspective. 

The following guiding principles were pursued 

throughout the study: 

• This is not another energy forecast of demand, 
supply, or price, 

» Experts will gather and analyze public and aggre- 
gated proprietary data. 

« Study teams will solicit input from a broad range 
of interested parties. 

* Analyses will emphasize long-term conditions, not 
near-term volatility. 

® Recommendations will be supported by sound 
data and science. 

® Participants will comply fully with antitrust laws 
and regulations. 


The study was designed in full compliance with 
both the letter and the spirit of all applicable laws 
and regulations, including but not limited to anti- 
trust laws and the Federal Advisory Committee Act, 
in mind. Specifically, an independent accounting 
firm aggregated and removed all identifying infor- 
mation from all proprietary projection data provided 
by companies and consultants. More generally, the 
study was conducted in strict compliance with com- 
prehensive antitrust guidelines governing all par- 
ticipants’ conduct throughout ail stages of the study, 
Including data analysis, outreach sessions, meetings 
among the various participants, and preparation of 
this report. These guidelines ensured that no indi- 
vidually identifiable sensitive competitive informa- 
tion was exchanged during the study and effectively 
precluded any opportunities for anticompetitive 
agreement. An Antitrust Advisory Subgroup pro- 
vided guidance to the study. 
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The study leadership was committed to receiving 
views and infomiation from a broad range of inter- 
ested parlies, and focused outreach efforts to coun- 
tries and organizations involved with energy. The 
effort included; 

® More than 350 participants from diverse back- 
grounds 

® Dialogue with more than 1 ,000 persons and groups 
with energy' interests 

® Department of Energy support to approach 19 key 
countries for information. 

Figure 7-3 illustrates the diverse backgrounds of 
study participants. 

The Coordinating Subcommittee defined a time- 
line for the entire study, which continued for more 
than 18 months. To ensure real-time communica- 
tions, and to assess progress, representatives from 
the CSC, including Department of Energy and legal 
advisors, created a study website for posting all deliv- 
erables. analyses and status updates. Monthly meet- 
ings were scheduled for the CSC and Task Groups, 
supplemented by weekly teleconferences to review 
work products and commitments. The NPC Execu- 
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FIGURE 7-3. Diverse Backgrounds of Participants 


five Committee participated in periodic reviews to 
receive updates and provide guidance. Finally, the 
CSC leadership provided regular status reports to all 

participants. 

STUDY ORGANIZATION 

Task Groups 

As the scope of the study evolved, four core 
groups of subject matter experts were assembled 
into specialized Task Groups; Demand, Supply, 
Technology, and Geopolitics & Potic}^ These Task 
Groups became the focus of the study's research and 
analytical efforts. The CSC guided the Task Groups 
to respond to a series of comprehensive framing 
questions through an extensive analysis of available 
reports and publications. The teams developed a 
broad range of integrated summary observations and 
findings, which eventually underpinned the agreed 
strategies and recommendations in the report. 
Supporting the Task Groups were numerous cross- 
cutting subgroups that examined .specific topics to 
complement key subject areas. The membership 
of each of the cross-cutting groups is also found in 
Appendix B and a simplified diagram of Task Group 
interrelationships is shown in Figure 7-4. 

While the four Task Groups were charged with spe- 
cific, separate project objectives, the teams' efforts 
were fully aligned and integrated as depicted in 
Figure 7-4. Individual subject matter experts selected 
for this study were not only experienced at interpret- 
ing and analyzing Task Group-specific information, 
but also had sufficient breadth of knowledge to com- 
municate and share information across the team 
boundaries. Extensively detailed topic papers pre- 
pared by each Task Group are also made available to 
supplement this report. A listing of the topic papers 
can be found in Appendix H. 

Demand Jlask Group 

The Demand Task Group analyzed the range of 
projections for world energy’ demand to 2030, key 
“drivers" underlying the demand projections such 
as economic activity and demographics, and the 
relationship of historical performance to future 
projections. The group analyzed the potential effect 
of energy efficiency measures on demand, ways that 
environmental concerns might alter the energy mix, 
and how fuel-use patterns might evolve. The group 
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also worked with the sSuppiy Task Group to address 
critical infrastructure implications posed by differ- 
ing fuel use. 

The Demand Task Group organized its activities 
into six subgroups: Demand Data Evaluation, Elec- 
tric Generation Efficiency, Coal Impact, industrial 
Efficiency, Cultural/Social/Economic Trends, and 
Residential/Commercial Efficiency. The subgroups 
prepared topic papers that summarized input, anal- 
yses, and findings. After identifying the most signifi- 
cant Issues, the group developed potential demand 
moderation strategies as a step toward formulating 
recommendations. The Demand Task Groups analy- 
ses and conclusions are summarized in Qiapter One 
of this report. 

Supply Task Group 

To guide its assessment of the global supply of 
energy, the Supply Task Group considered how the 
energ\^ supply/ capacity mix may change and evolve 
over the next 25 years. The group considered a wide 
variety of outlooks for future oil and gas supply/ 
capacity, and assessed the key factors that drive sup- 
ply changes. The group asked what additional data 
could help reduce the uncertainty associated with 
the global energ>' endowment and the timing for 


converting it into production capacity — resource 
endowment, infrastructure, geopolitics, technol- 
ogy progress/utilization, for example. The group 
examined how coal might fit into the future energ>' 
mix, weighing ample supply against environmental 
consequences and the likely costs to address carbon 
constraints. Significantly, the group examined the. 
range of outlooks for non-hydrocarbon energy sup- 
plies such as nuclear, hydro, wind, solar, biomass, 
and bto-Iiquids, noting the opportunities and chal- 
lenges associated with each energy' source. 

The Supply Task Group formed nine subgroups 
organized into three functional groups to conduct 
its analyses: Data Interpretation/Database, Endow- 
ment, and Energy Infrastructure and Delivery. The 
results of the Supply Task Group's work are summa- 
rized in Chapter Two of this report. 

Technology Task Group 

The Technology Task Group focused on the exami- 
nation of technological ad\'ances that may influence 
future energy use or sources. The more than 120 
subject-matter experts who participated in the lech- 
nology Task Group were identified and organized into 
14 .subgroups around technical themes. The Technol- 
ogy Task Group then examined specific technical sub- 
jects as they related to these broad topics: transporta- 
tion efficiency, nuclear, unconventional gas, heavy oil, 
coal-to-liquids/coa!-to-gas, technology development 
and deployment, carbon management, shale oil/ 
hydrates, exploration, deepwater, conventional/EOR/ 
arctic, and human resources. In particular, the team 
was requested to address time horizons for potential 
technology deployment, research budgets, and the 
.science and engineering capabilities required to sup- 
port development. 

The results of the discussion, debate, and insights 
provided by the Technology Task Group are in Chap - 
ter Three of this report and integrated with the anal- 
yses found in the Supply and Demand chapters. 

Geopolitics & Policy Task Group 

The Geopolitics & Policy Task Group operated as 
two distinct teams as the study progressed. During 
the study analysis phase, the Geopolitics Team 
assessed howsovereign national, regional, and global 
policy decisions might affect global supply and 
demand outlooks. The Geopolitics Team included 
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regional scholars as well as industry, academic and 
NGO participants. Topics addressed included broad 
issues such as governance, security, globalism, and 
climate and the environment. The Geopolitics chap- 
ic! reflects the integrated content of those working 
documents and the discussion, debate and insists 
provided by the group at large. 

The Policy team was formed toward the conclu- 
sion of the study and included representatives of 
other study teams involved in the effort as well as a 
contingent of outside e.xperts drawn from the policy 
community- The group was used primarily to ana- 
lyze and vet the various study findings and policy 
recommendations advanced by the Task Groups. 
Final selection of the most significant recommenda- 
tions was performed by the CSC and working groups 
made up of its members. 

Cross-Cutting Groups 

Each Task Group began by posing a set of framing 
questions to guide its work. These framing questions 
highlighted a need for a number of cross-cutting 
groups to focus on topics of concurrent interest to 
several Task Groups. The cross-cutting groups were 
staffed by subject matter experts typically from two 
or more Task Groups. Subjects investigated included 
macroeconomics, gas-to-Uquids/coa!-to-liquids, bio- 
fuels/renewables, infrastructure, parallel studies, car- 
bon management, refining, transportation, nuclear 
power, and coal. 

Integration Team 

The Task Groups shared information through the 
cross-cutting groups and by arranging overlapping 
membership. Even with these ongoing linkages, a 
broader effort was necessary to prepare integrated 
views of the global energy picture. An Integration 
Team was formed to summarize observations and 
finding, s, and to extract key conclusions. This team 
included members from the CTSC and Task Groups, 
and identified the following overarching themes for 
review with the Policy Team and the full CSC. 

® Economic growth, energy demand, and demand 

moderation 

® Fossil energy supply and delivery 
® Non-fossil energy supply and delivery 


• Carbon management 

• Infrastructure 

• Industry capacity 

• Technology. 

Through a process of reviews, the findings and 
observations were refined into the "hard truths” of 
this study, and formed the basis of proposed strate- 
gies and recommendations. 

INFORMATION MANAGEMENT 
An Analytical Approach 

While the study scope was evolving, the Task 
Groups began assembling data for their analyses. As 
illustrated in Figure 7-5, the data streams used by the 
Task Groups for their analysis drew on public and 
proprietary Information. In addition, a number of 
recent parallel studies from the energy sector were 
reviewed for relevant information and data. 

Storing Information — 

The Data Warehouse 

To make the study's broad-ranging and original 
sources easily available to all participants, a data ware- 
house was developed. This provided for centralized 
management of the multidimensional data collected. 
By the time it concluded, the study had compiled and 
used nearly 100 energy forecasts or outlookvS. These 
forecasts and several hundreds of papers/documents 
on various aspects of the energy sector were used in 
the interpretations that formed the basis of the study 
findings and recommendations. 

As an organizing feature, a digital survey ques- 
tionnaire was developed to collect a consistent set of 
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historical and forecast data for all data streams. The 
survey captured both numeric data and the assump- 
tions used in individual energ}? outlooks. 

The data request was very comprehensive although 
not all of the respondents completed all aspects 
of the survey. Data were requested at the world, 
regional and also key country levels. The regions 
surveyed were organized in these broad headings: 
North America, Central and South America, OECD, 
Non-OECD Europe and Asia/Oceania, the Middle 
East, and Africa. 

The data warehouse was designed to be the main 
analytical tool for the Task Groups, accepting all data 
collected from the survey questionnaire and other 
data sources. As the survey data were multi-dimen- 
sional, Oracle OIAP database technology was used 
and the collection was organized using 7 dimen- 
sions; 

LTime (year) 

2. Geography (coimtry or geographic region) 

3. Energy type (e.g., oil, gas, coal, nuclear, renewable) 

4. Energy sector (e.g., commercial, residential) 

5. Case type (e.g., business as usual, alternative energy 
policy) 

6. Units (applicable unit of measure) 

7. vSource (e.g., public, proprietary) 

Once in the data warehouse, selected values or 
ranges of values for any or all dimensions could be 
applied as a filter to enable analysis. 

The questionnaire collected high-level assump- 
tions, oil and natural gas endowment, oil produc- 
tion, natural gas production, coal energy supply, 
the methodology used by the different outlooks, 
economic/dernographic information, energy prices, 
total energy consumption, energy^ production and 
electricity generation, and environmental informa- 
tion. Additional supply data were developed for liq- 
uefied natural gas and gas-to-liquids, infrastructure, 
and biomass/biofuels. 

The review process produced supply data sets 
associated with the key documents that were iden- 
tified and collected. These data sets cover a wide 
range of views, including low-end projections, mid- 


range and reference cases, and high-end forecasts. 
Each data set generated represent.s a unique and 
consistent forecast. Several organizations provided 
multiple scenarios, each of which was documented 
as a separate case for evaluation. 

The contents of the Data Warehouse and a viewer 
application are available on the CD that accompa- 
nies this report (see Appendix E). 

Public Data and Information 

Each of the Task Groups searched the literature for 
integrated, global energ}^ supply/demand forecasts 
that extended until at least 2030 and were In the 
public domain. Five forecasts were found that met 
these criteria, three from the U.S. Energy Informa- 
tion -Administration and two from the Internationa! 
Energy Agency (Table 7-1). 

To capture an even more comprehensive set of 
forecasts, the study identified a “wide net” of addi- 
tional public sources. About 80 additional organi- 
zations and individuals were enlisted to participate 
by contributing data in a .standard survey format. 
Among the sources for the wide-net data were: DOE. 
National Coal Council, OPEC. Greenpeace. Pew, 
SAIC, Natural Resources Defense Council, Climate 
Change Science Program, European Commission, 
and the Association for the Study of Peak Oil, 
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In addition to the data gathered from other pub- 
lic domain sources. Energy Secretary Bodman sent 
letters in October 2006 to 19 governments, advis- 
ing them of the study and seeking their participa- 
tion, comments, and contributions. The countries 
were Australia, Azerbaijan, Brazil, Canada, Peoples 
Republic of China, Germany, India. Indonesia, 
Japan. Kazakhstan, Kuwait, Mexico, Nigeria, Norway, 
Qatar, Russia, Saudi Arabia, United Arab Emirates, 
and United Kingdom. 

Proprietary Data and faformation 

To supplement and test the major public domain 
projections, <m analysis of aggregated proprietary 
information was also undertaken. The “National 
Petroleum Council Survey of Global Energy 
Supply/Demand Outlooks” was sent to 34 interna- 
tional oil companies and consulting groups that 
were believed to make this type of projection. No 
study participant had access to individual, propri- 
etary survey responses or knew which organizations 
were among the respondents. A list of organizations 
to which the survey was sent is shown in Table 7-2. 

In addition to quantitative data, the questionnaire 
also requested high-level assumptions, oil and natu- 
ral gas endowment, oil production, natural gas pro- 
duction, coal energy supply, the methodolog)' used 
by the different outlooks, economic/demographic 
information, energy prices, total energy consump- 
tion, energy production and electricity generation, 
and environmental information. Additional supply 
data were developed for liquefied natural gas and 
gas-to-Iiquids, infrastructure, and biomavss/biofuels. 

Because of the commercial value of these data, and 
to ensure strict compliance with all antitmst require- 
ments, the data were collected and abrogated by an 
independent accounting firm, Argy, Wilze and Rob- 
inson (AWR), which was charged with maintaining 
the anonymity and confidentiality of the responses. 
No one outside this independent third-party organi- 
zation had access to individual, proprietary survey 
responses or even knew which organizations were 
among the respondents. 

As the aggregator of the proprietary data, AWR was 
tasked with: 

* Receiving the survey response.s from responding 

organizations. 


0;1 




Ghevrtm 
( «)!.'*« t.riijJhps 

EniS.pA 

Exxon Mobil Corpoiauon 
Marathon Oil Company 
R'Micit ,«n j{*.i 

Reliance Industrie.^ 1 imited 

Repsol 

Shell 

IVnalSA. 

VeKii 

C iiml : 


Barclays C'apital 
Bernstein Research Group 
Cambridge Energ>’ Research Associates 
Caterpillar Inc. 

Chemical Data Inc. 

CRA International, Inc. 

- Deutsche Bank 
. Global Insight, Inc. 

Goldman, Sachs & Co. 

■ .Jacobs Consultancy' Inc. 

, Lawrence Berkeley National Laboratory 
McKinsey Global Institute 
Oak Ridge National Laboratory 
PFC Energy' 

PIRA Energy' Group 
Probe Economics, Inc ^ ^ ^ ^ ^ 

Purvin & Gertz, Inc. 

Rocky Mountain Institute 
Simmons and Company International ; ; 

Wbod Mackenzie Ltd, 


TABLE 7-2. Recipients of the NP€. Survey of 
Global Energy Supply/Demand Outlooks 
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• Clarifying with the survey respondent any re- 
sponses that appeared inconsistent or incorrectly 
entered. The NPC required that the aggregator also 
engage an independent technical expert, who oper- 
ated under the same confidentiality requirements 
as any other employee of the aggregator, to assist in 
reviewing the survey responses. 

• Provided that at least three responses were received 
from a group of respondents (i.e., International Oil 
Companies or Consultants), preparing a report for 
that group of the aggregated survey data and the 
individual qualitative responses after suitable edit- 
ing to preclude identifying any specific response 
with a specific respondent. 

• Submitting a draft report of the aggregated and de- 
identified responses to the NPC’s outside antitrust 
counsel as an additional check to ensure compli- 
ance with the reporting guidelines. 

• Following up as necessary and issuing an amended 
final report if the NPC requested that specific items 
in the report be clarified. 

The data were aggregated separately for the Inter- 
national Oil Companies and the Consulting Compa- 
nies. and again for combined groupings. 

For each ofthe groups separately, provided at least 
three responses were received for each group. AWR 
reported: 

• The highest values for each quantitative response 
(where at least three values were reported) and 
associated qualitative responses. 

• The lowest values for each quantitative response 
(where at least three values were reported) and 
associated qualitative responses. 

• The average values for each quantitative response 
(where at least three values were reported) and 
associated qualitative responses. 

Then, for all the responses combined, AWR 
reported: 

• For the two responses with the highest total global 
energy use in 2030, a report of the average of all 
quantitative responses where two responses were 
reported, and all qualitative responses. 

• For the two responses with the lowest total global 
energy use in 2030, a report of the average of all 


quantitative responses where two responses were 
reported, and all qualitative responses. 

• Forallresponses, a report ofthe average of all quan- 
titative responses where at least two responses 
were reported, and all qualitative responses. 

Following completion of its report, AWR was 
required to destroy all survey responses, working 
papers, notes, and any other record of the survey 
responses, keeping only the survey report. 

As a result of the proprietary data collection, 29 
cases from 21 respondents were incorporated into 
the 9 aggregations that now reside in the data ware- 
house — International Oil Companies (low, average, 
and high energy use); Consulting Companies (low, 
average, and high energy use), and the combined 
low, average, and high responses from all the Interna- 
tional Oil Compa ny and Consultant respondents. The 
response rate for the International Oil Companies was 
75 percent or greater, with the response rate from the 
Consulting Companies less than 75 percent. 

Parallel Studies 

A parallel studies process examined numerous 
other recent public reports that addressed various 
aspects of energy policy to inform the work of The 
NPC study's Coordinating Subcommittee. (Appen- 
dix f> provides summaries of these parallel studies.) 
The reports included are shown in Table 7-3. 

SUMMARY 

The NPC study, Facing the Hard Truths aboutEnergy, 
differs from most of the parallel studies we reviewed 
by its depth of analy.sis, its breadth of sources and par- 
ticipants, and its balanced perspectives. The meth- 
odology adopted by the study team included a com- 
prehensive review of multiple supply and demand 
outlooks to 2030. This effort was further extended by 
the Task Groups and cross-cutting groups to include 
assessments of technology, infrastructure, alternative 
energy sources, security, and the environment. This 
methodology enabled the team to create and recom- 
mend a core set of five strategies for the nation to pur- 
sue. Solutions to the energy challenges will depend 
on the cooperation of government and industry, in the 
United States and around the world, to create the nec- 
essary opportunities for a balanced future — including 
economic, security, and environmental goals. 
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National i .oiTmassion on Energy Policy 
Energy Secu rity Ixadership Gouncii 
Business !:i.ijui!i.jL)!i' I noray iask l uiiv 
National Association of Manufacturers 
Gounciloi; ! uri-ign iU latiuns 
Alliance lor I iicrKV and l-corKiniti- (iiowth 
W('il 1 } ( ouin »l'nsj.j»**rgv Associaiioii 

EJiA World Eneiicy Outlook 2006 

U.S. DOE/EI/V International Energy 
Annual 2006 

ExxonMobil Outlook for Enei®? 

NETL Oil Peaking Study 
U.S. Government Actxmntability Office 
American Enterprise Institute 
Intergovernmental Panel on Climate Change 


R*‘\ic\Mb poj 

Global Roundtable on Climate Change . ' ; 

World Energy Technology Outlook - 2050 

2000-2050 North American Transporuitiou 
I ulute. 

UN Foundation (Strientific Expert Choup) 

t N.\ 'Niitiu.talSciutitv anditu* Ihu u 
(■t C hm.itc' ( nange 

MIT -1 he Future of Coal in a 
t lit' If) t (;iisiuii>.vu V ) !<: 

EPRINC- Ethanol and U.S. Energv Security 
U.S. Climate Action Parinei-shjp 
Council of the Americas - Etnergy Action Group 
; OPEC Secretariat - World Oil Outlook 2007 
Energy Charter - Oil & Gas Pricing Study 


TABLE 7-3. Studies Examined 
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flPPENBIX 

nEKSTLEnEHSDESCIilPTIONOFIllENFC 


The Secretary of Efidr0y 

Washington, DC 20585 


Oecober 5t 2005 

Mf. Les Raymond 

NgsUmd F«mx>kum Council 
!62 SK:S&csS,NW 
Wasiangton, DC 20006 

Dear Raymccsd: 

Perspective^ vary widely m i^nliiy of inq>ply to fce^ pace with wc»iU 

deosuid for oil and natural gas, tl» point in tm» at whi^ oH iwckhnrtimi 

will i^idean and dica begin to decline C*peak oiI"X in^lications these 

have for foe U.S. world easnomy, a^ what steps fomiM be tidcen to acbieve 

more positive outcomes. 

Accordingly, I request the National Potroleiim Ccmuk^I cooduet a study on globs! 
oil and natural gas supply. Key questions to be addressed io foe stwSy ismy 
include: 

e What does the foture hold global oil and natural gas su{^]y7 

• Can iscrementa! oil and natural ^ aq^ly be oih-line, oo-timc, 

aiad at a reasonable price to meet foture denumd witltout je^wdizicg 
eccnomic growfo? 

« What oU and gas scrategjos andfor demand »de ^n^pcs does the 
Council recommend the U.S. pursue to ensure greater economic stabUliy 
and {prosperity? 

¥<xt foe puxpt»e3 of foe stutfy, I am designating Under Secretary David Garman to 
represent me aodfo provide foe necessary cocerfonation between the Dq^arimesst 
ofEoergy and the National PetroteimCouacH. Ho wUi also provide ^xsdiiMlon 
with das Departnumt of StaSe, ^ber Federal agmeies, and intemsUsoaol 
orgaxfoesdons as required. 

1 look forward to reviewing foe Council's pac^Kssed study committee and detail^ 
study plan. 



Ssmucl W. Bofonsn 
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DESCRIPTION OF THE NATIONAL PETROLEUM COUNCIL 


In May 1946, the President stated in a letter to the Secretary of the Interior that he had been impressed by the con- 
tribution made through government/industry cooperation to the success of the World War 11 petroleum program. 
He felt that it would be beneficial if this close relationship were to be continued and suggested that the Secretary of 
the Interior establish an industry organization to advise the Secretary on oil and natural gas matters. 

Pursuant to this request, Interior Secretary I. A, Krug established the National Petroleum Council (NPC) on 
)une 1 8, 1946. In October 1 977, the Department of Energy was established and the Council was transferred to the 
new department. 

The purpose of the NPC is solely to advise, inform, and make recommendations to the Secretary of Energy on 
any matter requested by the Secretary, relating to oil and natural gas or the oil and gas industries. Matters that the 
Secretary would like to have considered by the Council are submitted in the form of a letter outlining the nature and 
scope of the study. The Council reserves the right to decide whether it will consider any matter referred to it. 

Examples of studies undertaken by the NPC in the last 20 years include; 

• Factors Affecting U.S. Oil & Gas Outlook (1987) 

• Petroleum Storage & Transportation (1989) 

• Industry Assistance to Government - Methods for Providing Petroleum Industry Expertise During Emergencies (1991) 

• Petroleum Refining in the 1990s~MeetingtheChaUengesof the Clean Air Act {1^91) 

• The Potential for Natural Gas in the United States (1992) 

• U.S. Petroleum Refining - Meeting Requirements for Cleaner Fuels and Refineries (1993) 

• The Oil Pollution Act of 1990: Issues and Solutions {1994) 

• Marginal Wells {1994) 

• Research, Development, and Demonstration Needs of the Oil and Gas Industry { 1 995) 

• Future Issues - A View of U.S. Oil & Natural Gas to 2020 {\995) 

• U.S. Petroleum Product Supply— Inventory Dynamics (1998) 

• Meeting the Challenges of the Nation's Growing Natural Gas Demand 0999) 

• U.S. Petroleum Refining— Assuring the Adequacy and Affordability of Cleaner fuels (2000) 

• Securing Oil and Natural Gas Infrastructures in the New Economy (2001) 

• Balancing Natural Gas Policy — Fueling the Demands of a Crowing Economy (2003) 

• Observations on Petroleum Product Supply (2004). 

The NPC does not concern itself with trade practices, nor does it engage in any of the usual trade association 
activities. The Council is subject to the provisions of the Federal Advisory Committee Act of 1972. 

Members of the National Petroleum Council are appointed by the Secretary of Energy and represent all seg- 
ments of the oil and natural gas industries and related interests. The NPC is headed by a Chair and a Vice Chair, 
who are elected by the Council. The Secretary of Energy serves as the NPC's Government Cochair. The Council is 
supported entirely by voluntary contributions from its members. 

Additional information on the Council’s origins, operations, and reports can be found at wvm.npc.org. 
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Jacob Adams 
George A. Alcorn, Sr. 
Robert O. Anderson 
Thurmon M. Andress 
Philip F. Anschutz 
Gregory L. Armstrong 
Robert G. Armstrong 
Gregory A. Arnold 
Ralph E. Bailey 
Fredrick J. Barrett 
Michel Benezit 
Robert W. Best 
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Charles D. Davidson 

Barry E. Davis 
Chadwick C. Deaton 
Claiborne P. Deming 
Cortlandt S. Dietler 
David F Dorn 
Laurence M. Downes 
Dan L. Duncan 


NATIONAL PETROLEUM COUNCIL 
MEMBERSHIP 


2006-2007 

Director 

President 

Managing Director 

Chairman and Chief Executive Officer 

Chairman and Chief Executive Officer 

President 

President and Chief Fjcecutive Officer 
Chairman 

Chairman and Chief Executive Officer 
President, Refining and Marketing 
Chairman of the Board, President and 
Chief Executive Officer 
Chairman and Chief Executive Officer 
Chairman of the Board and 
Chief Executive Officer 

Chairman. President and 
Chief Executive Officer 
President and Chief Executive Officer 
Chairman 

Chief Executive Officer 

Chairman and Chief Executive Officer 

President 

Chairman and Chief Executive Officer 
President and Chief Executive Officer 
2008 President-Elect 
President and Chief Executive Officer 
President and Chief Executive Officer 
President and Chief Executive Officer 
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Chairman. President and 
Chief Executive Officer 
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Chairman and Chief Executive Officer 
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Former Chairman 

Chairman and Chief Executive Officer 
Chairman 
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Alcorn Exploration, Inc. 
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Armstrong Energy Corporation 
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Fuel-Tech N.V. 

Bill Barrett Corporation 
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Atmos Energy Corporation 
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Houston. Texas 

Brigham Exploration Company 
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Edison International 
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Marathon Oil Corporation 
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Noble Energy, Inc. 

Crosstex Energy', Inc. 

Baker Hughes Incorporated 
Murphy Oil Corporation 
TransMontaigne Inc. 

Denver, Colorado 
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NATIONAL PETROLEUM COUNCIL 
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Chief Executive Officer 
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Chief Executive Officer 
Chairman of the Board, President and 
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President 
Co-President 
Chairman. President and 
Chief Executive Officer 
President and Chief Executive Officer 
Professor and Barrow Chair. 
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Chairman of the Board, President and 
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President and Chief Executive Officer 

Visiting Scholar 
Chairman, President and 
Chief Executive Officer 
Chairman 
Director 
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Chief Executive Officer 
Chairman and Chief Executive Officer 
Chairman, President and 
Chief Executive Officer 
Chairman and Chief Executive Officer 
President and Chief Executive Officer 


Christine A. Hansen Executive Director 


John B. Hess Chairman, President and 

Chief Executive Officer 

Jack D. Hightower President and Chief Executive Officer 

John D. HofmeLster President and U.S. Country Chair 


Lone Star Steel Company 
Weatherford International Ltd. 

LeTourncau Technologies, Inc. 
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EnCana Corporation 
Holiday Companies 
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DTE Energy 
Big Lake Corporation 
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Dominion Resources, Inc. 
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El Paso Corporation 
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Equitable Resources. Inc. 

Five States Energy Company, LLC 
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NATIONAL PETROLEUM COUNCIL 


Noble Endowed Chair and 
Head of the Harold Vance 
Department of Petroleum Engineering 
Chairman of the Board 
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Chief Executive Officer 
President 

Chief Executive Officer 
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Former Chairman 

Owner 

Chairman, President and 
Chief Executive Officer 
Retired Chairman and 
Chief Executive Officer 
President 

Chairman, President and 
Chief Executive Officer 
Chairman. President and 
Chief Executive Officer 
Past President 

Chairman of the Board 
Chairman of the Board 
Chairman of the Board 
Former President 
President 

Immediate Past Chair 
Chairman of the Board. President 
and Chief Executive Officer 
Former Executive Director 

President and Chief Executive Officer 
Chairman and Chief Executive Officer 
Chief Energy Economist, 

Global Markefs/Commodities 
Chairman of the Board 
President and Chief Executive Officer 
Chairman and Chief Executive Officer 
President and Chief Executive Officer 
President and Chief Executive Officer 
Chairman, President and 
Chief Executive Officer 
Immediate Past Chairman 
Chairman and Chief Executive Officer 

President 

Chairman, President and 
Chief Executive Officer 


J.P Morgan Securities Inc. 

American Association of 
Blacks in Energy 
Pitts Oil Company 
Questar Corporation 

Exxon Mobil Corporation 

Quintana Minerals Corporation 
Smith International, Inc. 

Duke Energy Corporation 

American Association of 
Petroleum Geologists 
GIobalSantaFe Corporation 
Crown Central LLC 
New York Mercantile Exchange, Inc. 
Hydril Company LP 
Delta Energy Management, Inc. 
National Petroleum Council 
Constellation Energy Group. Inc. 

National Association of 
Slate Energy Officials 
HESS LNG LLC 

Pioneer Natural Resources Company 
Deutsche Bank AG 

Simmons and Company Ini’l. 

Atlas Oil Company 
XTO Energy Inc. 

NiSource Inc. 

SUEZ Energy North America, Inc. 
I'esoro Corporation 

The Energy Council 
American Bureau of Shipping & 
Affiliated Companies 
Continental Resources of Illinois, Inc. 
Tidewater Inc. 
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NATIONAL PETKOLEUM COUNCIL 


Branko Terzic 

Carl F. Thome 

KexW. Tillerson 

Scott W. Tinker 

David A. TVice 

DiemerTrue 
H. A. True, HI 
W. Bruce Valdez 
Paul G. Van Wagenen 

Philip K. Verleger, Jr. 
John B. Walker 
L. O. Ward 
Kelcy ].. Warren 
Rebecca W Watson 
J. Robinson West 
Leon E. Westbrock 

C. John Wilder 

Bruce W. Wilkinson 

Clayton W. Williams 

Barry A. Williamson 
Mary Jane Wilson 
Patricia A.Woertz 

George M. Yates 
John A. Yates 
Daniel H. Yergin 


Global and U.S. Regulatory Policy Leader, 
Energy and Resources 
Non-Executive Chairman 
Chairman, President and 
Chief Executive Officer 
Director, Bureau of Economic Geology 
and State Geologist of Texas 
Chairman of the Board and 
Chief Executive Officer 
Chairman 
Partner 

Executive Director 
Chairman, President and 
Chief Executive Officer 
President 

President and Chief Executive Officer 
Chairman and Chief Executive Officer 
Co-Chairman and Co-Chief Executive Officer 
Partner 
Chairman 

Executive Vice President and 
Chief Operating Officer, Energy 
Chairman. President and 
Chief Executive Officer 
Chairman of the Board and 
Chief Executive Officer 
Chairman, President and 
Chief Executive Officer 
Attorney At l.aw 

President and Chief Executive Officer 
Chairman, Chief Executive Officer and 
President 

President and Chief Executive Officer 

President 

Chairman 


flenryZarrow 


Vice Chairman 


Deloitte Services LP 

ENSCO Internationa! Incorporated 
Exxon Mobil Corporation 

The University of Texas 

Newfiekl Exploration Company 

Diamond Oil, LIX 
True Oil LLC 

Southern Ute Growth Fund 
Pogo Producing Company 

PlCV'erleger, L.L.C. 

EnerVest Management Partners. Ltd. 
Ward Petroleum Corporation 
Energy Transfer Partners, L.R 
Hogan & Hartson, L.I...P. 

PFC Energy. Inc. 

CHS inc. 

TXU Corp. 

McDermott international, Inc. 

Clayton Williartrs Energy. Inc. 

Austin, Texas 
WZI Inc. 

Archer Daniels Midland Company 

HEYCO Energ^Xroup, Inc. 

Yates Petroleum Corporation 
Cambridge Energy 
Research Associates 
Sooner Pipe. LP. 
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RPPENOil 

STUDV GROUP ROSIES 


NPC Committee on Global Oil and Gas B'3 

Coordinating Subcommittee B-6 

Integration Team B-7 

Report Writing Team B-8 

Carbon Management Subgroup B-8 

Macroeconomic Subgroup B-9 

Antitrust Advisory Subgroup B- iO 

Demand Task Group B - 1 1 

Coal Impact Subgroup., B-12 

Cultural, Social, & Economic Subgroup B-12 

Data Evaluation Subgroup B- i 3 

Industrial Energy Efficiency Subgroup B-I3 

Power Generation Efficiency Subgroup B-13 

Residential/Commercial Efficiency Subgroup B- 14 

Supply Task Group B-IS 

Biomass Subgroup R. 16 

Data Interpretation & Warehouse Subgroup B-17 

Hydrogen Subgroup B- 18 

Infrastructure Subgroup B-19 

LNG & GIL Subgroup B- 19 

Refining & Manufacturing Subgroup B-19 

Rertewables Subgroup B-20 

Resource Endowment Subgroup B -20 

Wide-Net Subgroup B-21 

Technology Task Group B-22 

Carbon Capture & Sequestration Subgroup B-23 

Coal to Liquids and Gas Subgroup B-24 

Deepwater Subgroup B-24 

Exploration Technology Subgroup B-25 

Heavy Oil Subgroup B.-25 

Nuclear Power Subgroup B-26 

Oil and Gas Technology Development Subgroup B-26 

Oil Shales and Hydrates Subgroup B-26 

Technology Impact on Arctic Subgroup,.... B-27 

Technology Impact on Conventional Wells Subgroup B-27 

Technology Impact on Enhanced Oil Recovery Subgroup B-27 

Technology Impact on Human Resources Subgroup B-20 

Transportation Efficiency Subgroup B-29 

Unconventional Gas Subgroup..., B-30 

Geopolitics & Policy Task Group B-3I 

Geopolitics Subgroup B-3 1 

Policy Subgroup B-32 
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STUDY PARTICIPATION 

Study group and outreach participants contributed in a variety of ways, ranging from full-time 
work in multiple study areas, to involvement on a specific topic, to reviewing proposed materi- 
als, or to participating solely in an outreach session. Involvement in these activities should not 
be construed as endorsement or agreement with all the statements, findings, and recommen- 
dations in this report. Additionally, while U.S. government participants provided significant 
assistance in the identification and compilation of data and other information, they did not 
Lake positions on the study’s policy recommendations. 

As a federally appointed and chartered advisory committee, the National Petroleum Council is 
solely responsible for the final advice provided to the Secretary of Energy. However, the Council 
believes that the broad and diverse study group and outreach participation has informed and 
enhanced its study and advice. The Council is very appreciative of the commitment and contri- 
butions from all who participated in the process. 

This appendbc lists the individuals who served on this study’s Committee, Coordinating Sub- 
committee, Task Groups, and Subgroups as a recognition of their contributions. In addition, the 
National Petroleum Council wishes to acknowledge the numerous other individuals and organi- 
zations who participated in some aspects of the work effort through workshops, outreach meet- 
ings, and other contacts. Their lime, energy, and commitment significantly enhanced the study 
and their contributions are greatly appreciated. 
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COMMITTEE ON GLOBAL OIL AND GAS 


Chair 

Lee R. Raymond Retired Chairman and Chief Executive Officer Exxon Mobil Corporation 


Government Cochair 

Jeffrey Clay Sell Deputy Secretary of Energy 

Vice Chair -Demand 

Daniel H. Yergin Chairman 


U.S. Department of Energy 


Cambridge Energy 
Research Associates 


Vice Chair- Supply 

David L O’Reilly Chairman of the Board and Chevron Corporation 

Chief Executive Officer 


Vice Chair- Technology 

Andrew Gould Chairman and Chief Executive Officer 

Vice Chair - Geopolitics & Policy 

John J. Hamre President and Chief Executive Officer 

Secretary 

Marshall W. Nichols Executive Director 


Schlumberger Limited 


Center for Strategic & 
International Studies 

National Petroleum Council 


Members 
Michel Benezil 
Alan L. Boeckmann 
John F. Bookout 
Kateri A, Callahan 
Robert B. Catell 
Clarence P. Cazalot. Jr. 
William M. Cobb 
Chadwick C. Deaton 
Claiborne P. Deming 
Randall K. Eresman 
Stephen E. Ewing 
William L. Fisher 

Robert W. Fri 
Lawrence I. Goldstein 


President, Refining and Marketing 
Chairman and Chief Executive Officer 

President 

Chairman and Chief Executive Officer 
President and Chief Executive Officer 
2008 President-Elect 
Chairman and Chief Executive Officer 
President and Chief Executive Officer 
President and Chief Executive Officer 
Former Vice Chairman 
Professor and Barrow Chair, 

Jackson School of Geosciences 
Visiting Scholar 
Director 


Charles W. Goodyear Chief Executive Officer 

James T. Hacketl Chairman, President and 

Chief Executive Officer 


Total S.A. 

Fluor Corporation 
Houston, Texas 
Alliance to Save Energy 
KeySpan 

Marathon Oil Corporation 
Society of Petroleum Engineers 
Baker Hughes Incorporated 
Murphy Oil Corporation 
EnCana Corporation 
DTE Energy 
The University ofTexas 

Resources for the Future 
Energy Policy Research 
Foundation, Inc. 

BHP Billiton Pic 

i'\nadarko Petroleum Corporation 
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COMMITTEE ON GLOBAL OIL AND GAS 


John B. Hess 

John D. Hofmeister 
Stephen A. Holditch 


Roy M. Huffington 

Ray L. Hunt 
Ray R. Irani 

Richard D. Kinder 
Harold N. Kvisie 
David J. Lesar 

Micltaei C. Linn 
Andrew' N. Liveris 
W. Gary McGilvray 
Robert A. Malone 
Michael G. Morris 

Robert A. Mosbacher 
James J. Mulva 

J. Larry Nichols 

Robert L. Parker, Sr. 
Douglas B. Petno 

James E. Rogers 

Peter R. Rose 


Chairman. President and 
Chief Executive Officer 

President and U.S. Country Chair 
Noble Endowred Chair and 
Head of the Harold Vance 
Department of Petroleum Engineering 

Chairman of the Board and 
Chief Executive Officer 
Chief Executive Officer 
Chairman, President and 
Chief Executive Officer 
Chairman and Chief Executive Officer 
President and Chief Executive Officer 

Chairman of the Board, President and 
Chief Executive Officer 
President and Chief Executive Officer 
President and Chief Executive Officer 
President and Chief Executive Officer 
Chairman and President 
Chairman. President and 
Chief Executive Officer 
Chairman 

Chairman of the Board and 
Chief Executive Officer 
Chairman of the Board and 
Chief Executive Officer 
Chairman of the Board 
Managing Director and 
Energy Group Head 
Chairman, President and 
Chief Executive Officer 
Past President 


Robert E. Rose 
Richard M. Schaeffer 
Adam E. Sieminski 

Matthew' R. Simmons 
BrankoTerzic 


Chairman of the Board 
Chairman of the Board 
Chief Energy Economist, 

Global Markets/Commodities 

Chairman of the Board 

Global and U.S. Regulatory Policy leader, 
Energy and Resources 


Hess Corporation 

Shell Oil Company 
Texas A&M University 


Roy M. Huffington, Inc. 

Hunt Oil Company 

Occidental Petroleum Corporation 

Kinder Morgan Inc. 

TransCanada Corporation 
Halliburton Company 

Linn Energy, LLC 
The Dowr Chemical Company 
DeGolyer and MacNaughton 
BP America Inc. 

American Electric Pow'er Co., Inc. 

Mosbacher Energy Company 
ConocoPhiilips 

Devon Energy Corporation 

Parker Drilling Company 
J.P. Morgan Securities Inc, 

Duke Energy Corporation 

American Association of 
Petroleum Geologists 
GlobalSantaFe Corporation 
New York Mercantile Exchange, Inc. 
Deutsche Bank AG 

Simmons and Company Int’l. 
Deloitte Services LP 
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- COMMITTEE ON GLOBAl. OIL AND GAS 


Carl E Thorne 
Rex VV. Tillerson 

Philip K. Verleger, Jr, 
]. Robinson West 
Patricia A. Woertz 


Non-Executive Chairman 
Chairman, President and 
Chief Executive Officer 
President 
Chairman 

Chairman, Chief Executive Officer 
and President 


ENSCO International Incorporated 
Exxon Mobil Corporation 

PKVeriegen L.LX. 

PFC Energy, Inc. 

Archer Daniels Midland Company 
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COORDINATING SUBCOMMITTEE 


Chair 

Alan J. Kelly Former General Manager, Exxon Mobil Corporation 

Corporate Planning 

Government Cochair 

James A. Slutz Deputy Assistant Secretary for Oil and U.S. Department of Energ>' 

Natural Gas, Office of Fossil Energy 


Assistant to the Chair 

Thomas R. Eizember Senior Planning Advisor, 

Corporate Planning - Strategy Division 

Secretary 

John H. Guy. IV Deputy Executive Director 


Members 

David K. Bellman Director of Fundamental Analysis. 

Corporate Planning & Budgeting 
Fatih Birol Chief Economist 

James R. Burkhard Managing Director, Global Oil Group 


Kateri A. Callahan 
Guy F. Caruso 

Clifford C, Cook 

Scott M. Hoyte 
Rodney R Nelson 

Marvin E. Odum 
Donald L. Paul 

Douglas B. Petno 
William C, Ramsay 
David T. Seaton 
Philip R. Sharp 
Adam E. Sieminski 

Frank A. Verrastro 


President 

Administrator, 

Energy Information Administration 
SeniorVice President, 

Supply, Distribution and Planning 
Energy Technology Strategic Initiatives 
Vice President, 

Innovation and Collaboration 
Executive Vice President - Americas 
Vice President and 

Chief Technology Officer 
Managing Director and Energy Group Head 
Deputy Executive Director 
Group President. Energy and Chemicals 
President 

Chief Energy Economist, 

Global Markets/Commodities 
Director and Senior Fellow. Energy Program 


ExxonMobil Corporation 


National Petroleum Council 

American Electric Power Co., Inc. 

International Energy Agency 
Cambridge Energy 
Research Associates 
Alliance to Save Energy 
U.S. Department of Energy 

Marathon Oil Corporation 

GE Energy 

SchJumberger Limited 

Shell Energy Resources Company 
Chevron Corporation 

J.P. Morgan Securities Inc. 
International Energy Agency 
Fluor Corporation 
Resources for the Future 
Deutsche Bank AG 

Center for Strategic & 
International Studies 


Alternative Assistant to the Chair 

Charles E. Sheppard Area Manager- U.S. and Mexico, Americas ExxonMobil Exploration Company 
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COORDINATING SUBCOMMITTEE 


Communications Assistants 

T. Evan Smith Global Best Practices Advisor 

]. Donald Turk Staff Consultant 


Exxon Mobil Corporation 
National Petroleum Council 


Integration Team 

Team Leader 

Mervyn T. Sambles 

Members 
Joseph A. Caggiano 
John J. Conti 


Thomas R. Eizember 
William R. Finger 
Mariano E. Gurfinkel 


Bryan J. Hannegan 
Nancy L Johnson 


Keith C. King 
Wilbur D. Kirchner 

Sarah 0. Ladislaw 

Joseph W. Loper 
W. Howard Neal 
John H. Schaus 

Charles E. Sheppard 
Surina Shukri 
Adam E. Sieminski 

Andrew J. Slaughter 

Thomas H. Zimmerman 


Vice President, Strategic Development 

Senior Consultant, Technology Projects 
Director, Office of Integrated Analysis and 
Forecasting, Energy Information 
Administration 
Senior Planning Advisor, 

Corporate Planning - Strategy Division 
Senior Associate 


Vice President, Research and Analysis 
Adjunct Associate Professor 
Executive Officer to the President 

Area Manager - U.S. and Mexico, Americas 
Energy Investment Banking 
Chief Energy Economist, 

Global Markets/Commodities 
Senior Energy and Economics Advisor - 
EP Americas 

Schlumberger Fellow 


Fluor Corporation 

Chevron Energy Technology Co. 

U .S. Department of Energy 

Exxon Mobil Corporation 

Cambridge Energy 
Research Associates 
The University of Texas 

Electric Power Research Institute 
U.S. Department of Energy 

ExxonMobil Exploration Company 
Marathon Oil Corporation 

Center for Strategic & 

International Studies 
Alliance to Save Energy 
The University of Texas 
Center for Strategic & 

Internationa! Studies 
ExxonMobil Exploration Company 
J.P. Morgan Securities Inc. 
Deutsche Bank AG 

Shell Exploration & 

Production Company 
ScJiIumberger Limited 


Project Manager, 

Center for Energy Economics, 

Bureau of Economic Geology 
Vice President, Environment 
Director. 

Environmental Science and Policy Analysis, 
Office of Fossil Energy 
New Business Development 
Chief Engineer, 

International Exploration New Ventures 
Fellow, Energy Program 
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COORDINATING SUBCOMMITTEE 

Report Writing Team 
Team Leader 


Thomas R. Eizember 

Senior Planning Advisor, 

Corporate Planning - Strategy Division 

Exxon Mobil Corporation 

Members 

Mark A. Andersen 

Manager, 

Oilfield Executive Communications, 
Executive Editor, Oilfield Review 

Schlumberger Oilfield Services 

Joseph A. Caggiano 

Senior Consultant, Technology Projects 

Chevron Energy Technology Co. 

Edward C. Chow 

Senior Fellow, Energy Program 

Center for Strategic & 

International Studies 

William R. Finger 

Senior Associate 

Cambridge Enei^ 

Research Associates 

Mariano E. Gurfinkel 

Project Manager, 

Center for Energy Economics, 

Bureau of Economic Geology 

The University ofTexas 

William Lanouette 

Editorial Consultant 

National Petroleum Council 

Joseph W. Loper 

Vice President, Research and Analysis 

Alliance to Save Energy 

John H. Schaus 

Executive Officer to the President 

Center for Strategic & 

International Studies 

Andrew J. Slaughter 

Senior Energy and Economics Advisor - 

Shell Exploration & 


EP Americas 

Production Company 

Carbon Management Subgroup 


Team Co-Leaders 

Rodney F. Nelson 

Vice President, 

innovation and Collaboration 

Schlumberger Limited 

Michael C. Sheppard 

Schlumberger Fellow, 

Schlumberger Oilfield Services 

Schlumberger Cambridge Research 

Members 

David K. Bellman 

Director of Fundamental Analysis, 

Corporate Planning & Budgeting 

American Electric Power Co., Inc. 

DeAnn Craig 

Consultant, Business Planning 

Chevron North America Exploration 
and Production Company 

Thomas R. Eizember 

Senior Planning Advisor, 

Corporate Planning -Strateg>' Division 

Exxon Mobil Corporation 

William R. Finger 

Senior Associate 

Cambridge Energy 

Research Associates 

John H. Guy, IV 

Deputy Executive Director 

National Petroleum Council 

Bryan J. Hannegan 

Vice President, Environment 

Electric Power Research Institute 
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COORDINATING SUBCOMMITTEE 


Gardiner Hill 

Allan R. Hoffman 

Scott M. Hoyte 
Haroon S. Kheshgi 

Scott M. Klara 

Velio A. Kuiiskraa 
Sarah O. Ladislaw 


Director, Carbon Capture and 
Storage Technology 
General Engineer, Office of Planning, 
Budget and Analysis 
Energy Technology Strategic Initiatives 
Advanced Research Associate, 

Corporate Strategic Research 
Director, Office of Coal & Power R&D, 
National Energy Technology Laboratory 
President 

Fellow, Energy Program 


Arthur Lee 
Marc Levinson 
Richard G. Newell 


Arnold R. Smith 
Robert H. Socolow 
John M. Tombari 
Thomas H. Zimmerman 


Principal Advisor, Global Policy and Strategy 
Economist 

Gendell Associate Professor of Energy and 
Environmental Economics, 

Nicholas School of the Environment 
and Earth Sciences 

Executive Director. Office ofTechnology 
Co-Director, The Carbon Mitigation Initiative 
Vice President, North & South America 
Schlumberger Fellow 


BP Alternative Energy Company 
U.S. Department of Energy 
GE Energy 

ExxonMobil Research & 
Engineering Company 

U.S. Department of Energy 

Advanced Resources Internationa! 
Center for Strategic & 

International Studies 
Chevron Corporation 
JPMorgan Chase & Co. 

Duke University 


Fluor Corporation 
Princeton University 
Schlumberger Carbon Services 
Schlumberger Limited 


Macroeconomic Subgroup 


Team Leader 

Douglas B. Petno 

Assistant Leader 

SurinaShukri 

Members 
Charles E. Bishop* 
Larry G. Chorn 
R. Dean Foreman 

Marianne S. Kah 
Marc Levinson 


Managing Director and Energy Group Head J.P. Morgan Securities Inc. 
Energy Investment Banking J.P. Morgan Securities Inc. 


Director, Economics 
Chief Economist 

Senior Economist, Corporate Planning - 
Economics and Energy Division 
Chief Economist 
Economist 


Marathon Oil Corporation 
Platts 

Exxon Mobil Corporation 

ConocoPhillips 
JPMorgan Chase & Co. 


* Individual has since changed organizations but was employed by the specified company while participating in the study. 
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COORDINATING SUBCOMMIITEE 


Richard G, Newell 

Gendeil Associate Professor of Energy and 
Environmental Economics, 

Nicholas School of the Environment 
and Earth Sciences 

Duke University 

Adam E. SieminskI 

Chief Energy Economist, 

Global Markets/Commodities 

Deutsche Bank AG 

Katherine B. Spector 

Executive Director, 

Global Head of Eneigy Strategy, 

Global Currency & Commodities Group 

JPMorgan Chase Bank, N.A. 


Antitrust: Advisory Subgroup 
Team Leader 

Carter B, Simpson Senior Counsel, Antitrust & Trade Regulation 

Members 

Charles W. Corddry, III Senior Antitrust Counsel 

Taik Haw lim Director of Corporate Legal 

Margaret A. Ward Attorney 

R. Kenly Webster Attorney at Law 


Exxon Mobil Corporation 

Shell Oil Company 
Schluniberger Limited 
Jones Day 
NPC Counsel 


Antiti u^t Counsel to the National Petroleum Council 

Timothy J. Muris Of Counsel 

Christine C. Wilson Partner, Antitrust and Competition Practice 
Adam J. Coates Associate 


O’Melveny & Myers LLP 
O’Melveny 8i Myers LLP 
O’Meiveny & Myers LLP 
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Chair 

James R. Burkhard 

Government Cochair 
Paul D. Holtbeig 


Assistant to the Chair 
William R. Finger 

Secretary 

Benjamin A. Oliver, Jr. 

Members 
David K. Bellman 

Fatih Biroi 
Robbie Diamond 
Kathey A. Ferland 
MarkP. Gilbert 

Marianne S. Kah 
Joseph W. Loper 
DeronW. I^vaasS 
Dean A. Mathew 

Alan Naisby 
William PrindJe 

Kevin P. Regan 
Adam E. Sieminski 

Jaime Spellings 
Edward J. Stones 
David P. Teolis 

Connie S. Trecazzi 
Lowell W. Ungar 
Michael A. Warren 


DEMAND TASK GROUP 


Managing Director. Global Oil Group 


Director. Demand and Integration Division, 
Office of Integrated Analysis and Forecasting, 
Energy Information Administration 


Senior Associate 


Senior Committee Coordinator 


Director of Fundamental Analysis. 

Corporate Planning & Budgeting 
Chief Economist 
President 

Project Manager, Texas Industries of the Future 

Director, Economic Forecasting, 

Corporate Planning & Budgeting 
Chief Economist 

Vice President, Research and Analysis 
Vehicles Campaign Director 
Project Manager II, 

Efficiency Projects & System Efficiency 
Director of Marketing, Global Petroleum Group 
Deputy Director 

Manager. Long-Term Energy Forecasting 
Chief Energy Economist, 

Global Markets/Commodities 
General Manager, Corporate Planning 
Director, Energy Risk 

Manager, European Economics and Industry 
Forecasting, Adam Opel GmbH 

Staff Analyst 
Senior Policy Analyst 
National Manager, Americas Strategic 
Research & Planning Group 


Cambridge Energy 
Research Associates 

U.S. Department of Energy 


Cambridge Energy 
Research Associates 

National Petroleum Council 

American Electric Power Co., Inc. 

International Energy Agency 
Securing America’s Future Energy 
The University ofTexas 
American Electric Power Co., Inc. 

ConocoPhillips 
Alliance to Save Energy 
Natural Resources Defense Council 
Duke Energy Corporation 

Caterpillar Inc. 

American Council for an 
Energy-Efficient Economy 
Chevron Corporation 
Deutsche Bank AG 

Exxon Mobil Corporation 
The Dow Chemical Company 
General Motors Europe 

American Electric Power Co., Inc. 
Alliance to Save Energy 
Toyota Motor North America, Inc. 
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DEMAND TASK GROUP 


Coal Impact Subgroup 

Team Leader 

Connie S. Trecazzi 

Staff Analyst 

Members 

Frank A. Clemente 

Senior Professor of Social Science 

Frederick L. Freme 

Survey Statistician, Coal, 

Nuclear and Renewable Fuels Division. 
Energy Information Administration 

Daniel L. Keen 

Assistant Vice President - Policy Analysis 

James A. Luppens 

Project Chief, U.S. Coal Assessment 

Brenda S. Pierce 

Program Coordinator, Energy 

Resources Program 

Craig F. Rockey 

Vice President, Policy & Economics 

Keith Welham 

Principal Energy Economist 


American Electric Power Co., Inc. 

Pennsylvania State University 
U.S. Department of Energy 


Association of American Railroads 
U.S. Geological Survey 
U.S. Geological Survey 

Association of American Railroads 
Rio Tinto pic 


Cultural, Social, & Economic Subgroup 


Team Leader 
Joseph W. Loper 

Members 
Stephen A. Capanna 
Helen M. Currie* 

D. Olandan Davenport 
Zachary Henry 

F Jerome Hinkle 

PaulD. Holtberg 


Marianne S. Kah 
John A. Lailner 

Deron W. Lovaas 
Kevin P. Regan 
Jaime Spellings 
David R Teolis 


Vice President, Research and Analysis Alliance to Save Energy 


Research Associate 

Director. Chief Economist's Office. 

Planning Strategy & Corporate Affairs 
Attorney 

Manager, Americas Strategic Research & 
Planning Group 
Vice President. Policy and 
Government Affairs 

Director, Demand and Integration Division, 
Office of Integrated Analysis and Forecasting, 
Energy Information Administration 

Chief Economist 

Visiting Fellow and Senior Economist 

Vehicles Campaign Director 
Manager, Long-Term Energ>' Forecasting 
General Manager, Corporate Planning 
Manager, European Economics and Industry 
Forecasting, Adam Opel GmbH 


Alliance to Save Energy 
ConocoPhillips 

Davenport & Associates 
Toyota Motor North America, Inc. 

National Hydrogen Association 

U.S. Department of Energy 


ConocoPhillips 
American Council for an 
Energy-Efficient Fxonomy 

Natural Resources Defense Council 
Chevron Corporation 
Exxon Mobil Corporation 
General Motors Europe 


* Individual has since chanRed organizations but was employed by the specified company while participating in the study. 
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DEMAND TASK GROUP 

Michael A. Warren National Manager. Americas Strategic Toyota Motor North America, Inc. 

Research & Planning Group 

Data hvaliialion Subgroup 
Team Leader 

William R. Finger Senior Associate Cambridge Energy 

Research Associates 

Members 

James R. Burkhard Managing Director, Global Oil Group Cambridge Energy 

Research Associates 

Robbie Diamond President Securing America's Future Energy 

Paul D. Holtberg Director, Demand and Integration Division. U.S. Department of Energy 

Office of Integrated Analysis and Forecasting, 

Energy Information Administration 

David S. Reed Senior Energy Planner, Corporate Exxon Mobil Corporation 

Planning Department 

Industrial Energy' Efficiency Subgroup 
Team Leader 

Edward J. Stones Director, Energy Risk 

Members 

Kathey A. Ferland Project Manager. Texas Industries of the Future 

Michelle R. R. Noack Global Business Analyst. Energy 

Power Generation Efficiency Subgroup 
Team Leader 

David K. Bellman Director of Fundamental Analysis. 

Corporate Planning & Budgeting 

Members 

Brett D. Blankenship Analyst - Power and Emissions 

Joseph Philip DiPietro Lead General Engineer. Office of Systems, 

Analysis and Planning, 

National Energy Technology Laboratory 

Carl H. Imhoff Manager, Energy Products and Operations 

Product Line, Pacific Northwest 
National Laboratory 

Barry Rederstorff Staff Engineer, Engineering Services 

Xuejin Zheng Senior Analyst -Coal 
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American Electric Power Co.. Inc. 
U.S. Department of Energy 

U.S. Department of Energy 

American Electric Power Co., Inc. 
American Electric Power Co.. Inc. 


The Dow Chemical Company 

The University ofTexas 
The Dow Chemical Company 
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DEMAND TASK GROUP — 

Resideiitlal/Coramereia! Efficiency Subgroup 
Team Leader 

Mark P. Gilbert Director, Economic Forecasting, 

Corporate Planning & Budgeting 

Members 

Stephen A . Capanna Research Associate 

Leslie Black Cordes Branch Chief, Energy Supply and Industry 

Selin Devranoglu Research Associate 

Joseph W, Loper Vice President. Research and Analysis 

Matthew C. Rogers Director 


American Electric Power Co., Inc. 

Alliance to Save Energy 
U.S. Environmental 
Protection Agency 
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SIUOV OUTREIICN PROCESS HUD SESSIONS 


T his appendix provides descriptions of the out- 
reach process and sessions conducted for this 
study. 

In addition to conducting a systematic review and 
evaluation of available information on the future oil 
and gas supply and demand picture, the study desired 
to ensure an open process that would be fully trans- 
parent to individuals, organizations, and non-U.S. 
governments with interests in global energy issues. 
Most importantly, the National Petroleum Council 
(NPC) wished to ensure that the study's approach 
would address the broad range of global issues asso- 
ciated with energy. 

To solicit input from such a broad perspective of 
individuals and organizations, the NPC conducted 
an extensive communications outreach effort during 
the early phases of the study. Members from the vari- 
ous study groups and NPC staff participated in over 
30 study outreach sessions with organizations and 
individuals with interests in the global energy issues. 
The,se sessions involved more than 1,000 individuals. 
Slide presentations were used to outline the reason for 
the study-— Secretary Hodman's request, the planned 
scope of work, the study’s organization and staffing, 
and how the sStudy would proceed to conclusion. Par- 
ticipants were encouraged to offer comments during 
the sessionsS and to submit further comments if they 
so wished. 

Sessions were held with representatives of members 
of the U.S. Congress and Congressional committees, 
non-governmental organizations (NGOs) of diverse 
interests, other third-parties, business associations, a 
wide-range of energy-related professional and trade 
associations, and, very importantly, non-U.S. govern- 
ment energy ministries. The comments received as a 
result of these sessions were captured and forwarded 
to the appropriate study gxoupCs) for review and use 
during the fact-finding and analysis process. 


Background information about the study— -its 
scope, format, and progress, including updated ver- 
sions of status presentations — was posted on the 
NPC’s publicly accessible website, wfww.npc.org. 

Outreach sessions were conducted with the follow- 
ing individuals and organizations; 

• U.S. Congressional Staffs; 

- Staff Members, U.S. Senate Energy Committee 

- Staff Representative, U.S. Senate Foreign Rela- 
tions Committee 

- Staff Representative, U.S. House of Representa- 
tives Committee on International Relations, Sub- 
committee on Middle East and Central Asia 

- Staff Member, U.S. Senator Felnjitein 

- Staff Members. U.S. Senate Finance Committee 

- Staff Members. Joint Committee on Taxation 

• Environmental NGOs; 

*■ Friends of the Earth 

- Alliance to Save Energy 

~ National Environmental lyust 
~ World Resources Institute 

- Resources for the Future 

- American Council for an Energy-Efficient 
Economy 

- Natural Resources Defense Council 
« Non-environmental NGOs; 

- National Democratic Institute 

- International Crisis Group 

- Human Rights Watch 

- International Republican lastitute 
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- Mercy Corps 

- International Rescue Committee 

- Catholic Relief Services 

- USAID 

• Other Pertinent Organizations; 

- International Energ>' Agency 

~ National Commission for Energy Policy 

- Saudi National Security Assessment Project 

- Organization of Petroleum Exporting Countries 
(OPEC) 

~ American Enterprise Institute 

• General Business Associations: 

- IJ.S. Chamber of Commerce 

- Business Roundtable 

- National Association of Manufacturers 

• Energy-Related Professional and Trade Associations: 

- American Petroleum Institute 

- National Petrochemical and Refiners Association 

- Center for Liquefied Natural Gas 

- Methane Hydrate Advisory Committee 

-• American Association of Petroleum Geologists 

- Hedburg Conference on World Oil Resources 

- Independent Petroleum Association of America 

- American Gas Association 

- American Chemistry Council 

- Natural Gas Supply Association 

- Society of Petroleum Engineers 

- National Coal Council 

Also, letters and/or phone calls were placed by 
representatives of the Department of Energy to the 
following U.S. government executive departments, 
inviting their participation, comments, and input: 

• U.S. Department of the Interior 

• U.S. Department of Agriculture 

• U.S. Department of State 

• U.S. Department of Transportations 

• U.S. Department of Defense 

• U.S. Environmental Protection Agency 

c 2 


• U.S. Department of the Treasury 

• U.S. Department of Commerce 

• U.S. Trade Representative 

• Federal Energy Regulatory Commission 

• Interstate Oil & Gas Compact Commission 

In addition to the data-gathering methodology 
described elsewhere, Secretary Bodman sent letters 
in October 2006 to the following non-U.S. govern- 
ments advising them of the study and seeking their 
participation, comments, and input: 

• Australia 

• Azerbaijan 

• Brazil 

• Canada 

• Peoples Republic of China 

• Germany 

• India 

• Indonesia 

• Japan 

• Kazakhstan 

• Kuwait 

• Mexico 

• Nigeria 

• Norway 

• Qatar 

• Russia 

• Saudi Arabia 

• United Arab Emirates 

• United Kingdom 

NPC study representatives were assigned respon- 
sibility for conducting foilow-up contacts to provide 
more background information on the study and 
to elicit input from non-U.S. governments. Input 
received was forwarded to the appropriate study 
group(s) for review and use in the study. Visits were 
made to a number of energy ministries and repre- 
sentatives of non-U.S. governments and companies 
participated in some meetings of the study’s Coordi- 
nating Subcommittee. Also, study status reports were 
sent in April and July 2007 to update all those initially 
contacted by Secretary Bodman. 
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PROCESS AND SUMMARIES 

T he summaries in this appendix were prepared by 
the NPC based on studies authored or published 
by other organizations, and are used with per- 
mission. To obtain a complete version of any study, 
readers should contact the study's sponsoring orga- 
nization. Contact information is included in each 
summary. Nothing in this appendix should be un- 
derstood as indicating endorsement or sponsorship 
by any other organization or the NPC. 
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This appendix provides detailed descriptions of 
additional study materials contained on the CD 
included with the final printed version of the National 
Petroleum Council (NPC) report, Facing the Hard 
Tru ths about Energy: A Ccmprehensiife View to 2030 of 
Global Oil and Natural Gas. The CD contains the fol- 
lowing files; 

® Final Report 
® Report Glossary 
® Report Slide Presentation 
» Webcast of NPC Meeting and Press Conference 

* Study Topic Papers 

• Study Data Warehouse Files 

The contents of the CD aJsSo can be viewed and 
downloaded from the NPC website {www.npc.org) 
and additional or replacement copies of the CD can 
be purchased from the same site. 

FINAL REPORT 

The final report, as approved by the members of 
the National Petroleum Council and submitted to 
Secretary Bodman, is included on the report’s CD. 
This copy of the printed report is In PDF format, con- 
tains hyperlinks among section.?, and is searchable 
using Adobe software. It provides the report sections 
as follows: 

® Transmittal Letter to Secretary Bodman 
(2-page summary of report) 

® Table of Contents 
® Preface 

® Executive Summary 

Appendix K - Additional Materials on the CD 
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• Report Chapters 

-Chapter One: Energy Demand 

- Chapter Two: Energy Supply 

- Chapter Three: Technology 

- Chapter Four: Geopolitics 

- Chapter Five: Carbon Management 
-Chapter Six: Recommendations 

- Chapter Seven: Methodology 

• Appendices 

- Appendix A: Request Letter and Description of 
the NPC 

- Appendix B; Study Group Rosters 

- Appendix C: Study Outreach Process and 
Sessions 

- Appendix D: Parallel Studies Process and 
Summarie.? 

~ Appendix E: Additional Materia,ls on the CD 

• Acronyms and Abbreviations 

REPORT GLOSSARY 

The report's CD contains a detailed ^ossary of 
terms used In tiie report, wiiich was drawn almost 
in its entirety from a glossary provided by EIA. The 
glossary is provided in PDF forntat. The NPC is appre- 
ciative of EIA allowing the use of this document and 
assumes responsibility for any modifications that have 
been made to it. 

REPORT SLIDE PRESENTATION 

On July 18, 2007, a detailed slide presentation on 
the report. Facing the Hard Truths about Energy, was 
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delivered to Secretary of Energy Samuel W Bodman 
and the membership of the National Petroleum Coun- 
cil. This slide presentation is included on the report's 
CD to allow readers access to materials that were used 
to help explain the study process and results. Two ver- 
sions are provided in PDF format: 

• Slides only 

• Slides with presenter’s text as notes. 

WEBCAST OF NPC MEETING AND 
PRESS CONFERENCE 

The report’s CD also contains a webcast of the July 18, 
2007 NPC meeting as follows: 

• Presentation on the report to the NPC 
membership 

• Report approval and delivery to Secretary of Energy. 
Samuel W. Bodman 

• Remarks by Secretary Bodman 

• Press conference on July 18, 2007, following the 
NPC meeting. 

STUDY TOPIC PAPERS 

On July 18, 2007, the National Petroleum Council 
in approving its report. Facing the Hard Truths about 
Energy, also approved making available certain mate- 
rials used in the study process, including detailed, 
specific subject matter papers prepared by the Task 
Groups and their Subgroups, These Topic Papers 
were part of the analyses that led to development of 
the summary results presented in the report’s Execu- 
tive Summary and Chapters. I he final report’s CD 
includes final versions of these papers. 

These Topic Papers represent the views and con- 
ciusions of the authors. The National Petroleum 
Council has not endorsed or approved the state- 
ments and conclusions contained in these docu- 
ments but approved the publication of these mate- 
rials as part of (he study process. 

The NPC believes that these papers will be of inter- 
est to the readers of the report and will help them bet- 
ter understand the study results. These materials are 
being made available in the interest of transparency. 

A list of these Topic Papers with brief abstracts for 
each follows. 


Demand Task Group 

Paper #1: Coal Impact 

The United States has the largest coal reserves in the 
world, followed by Russia and China. Coal now pro- 
vides about a quarter of the energy used in the United 
States. The .share of U.S. energy to be supplied by coal 
is projected to increase modestly to 2030. Coal use 
worldwide exhibits the same characteristics as in the 
United States. The largest increase in coal use through 
2030 is projected to be in China, followed by the United 
States and India. Coal is consumed in large quantities 
throu^out the United States, while most production 
is focused in a few states, requiring significant quanti- 
ties of coal to be transported long distances. To that 
end, U.S. coal consumers and producers have access 
to the world's most comprehensive and efficient coal 
transportation system. The extent to which coal is able 
to help meet future U.S. energy challenges will depend 
heavily on the performance of coal transporters. 

Paper # 2 ; CulturaVSocuiVEconomic Trends^ 

Population and the economy are normally directly 
associated with projecting energy use trends, but 
other factors play an Important role in understand- 
ing these trends. This topic paper examined 8 of these 
trends, which were thought to be the most significant. 
These trends include the relationship between the 
structural change in the economy and energy use, the 
importance of oil and natural gas to future energy use 
patterns, carbon dioxide emissions and their relation- 
ship to fossil-fuel use. China and its anticipated energy 
use growth, the energy use conundrum related to the 
introduction of new energy consuming technologies 
into tlie market place, the potential for energy use 
savings in the light-duty vehicle fleet, energy use and 
Its association with energy price, and the impact of 
fuel-switching capability in the transportation sector. 

Paper # 3 ; Demand Data Evaluation ♦ 

This report contains the findings of the Demand 
Data Evaluation Subgroup of the Demand Task Group, 
which reviewed, analyzed, and compared projection 
data collected in the NPC data warehouse through 
surveys For both public and proprietary projections of 
world energy demand. Major “drivers” underpinning 
the demand projections are population and economy. 
Iriall cases, worldwide and U.S. energy demand is pro- 
jected to increase. In a general sense, the worldwide 
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increase in energy is expected to be about 60 percent by 
2030, matching the worldwide increase over the last 25 
years. Detailed analyses were conducted using Input 
from the U.S. Energy Information Administration (EIA) 
and the International Energy Agency (lEA). Other pub- 
lic studies were less complete than those produced by 
the EIA and the lEA, but confirmed the observations 
made from those studies as did the aggregated propri- 
etary data collection effort. 

Paper #4; Electric Generation Efficiency > 

Expected improvements in electric generation effi- 
ciency are projected to mainly come from the replace- 
ment of old plants with new plants that are constructed 
using contemporary technology with better efficien- 
cies. Existingunitefficiencyis not projected toimprove 
significantly as replacement of auxiliary equipment Is 
the only area where contemporary technology can be 
introduced. There are regional differences in the rate 
of improvement in electric generation efficiencies as 
developing regions have less installed capacity and are 
projected to add new electric generating capability at 
a faster rate than in industrialized regions. 

Paper ^5: Industrial Efficiency ^ 

’Ihis topic paper examines industrial energy' use 
trends, the potential impact of energy efficiency tech- 
nologies, and barriers to their adoption. The industrial 
sector Is a large and price-responsive energy consumer. 
Energy efficiency opportunities of 5 quadrillion Btu per 
year, or over 15 percent of industrial energy' use. exist 
broadly across the industrial sector. While 40 percent 
of these opportunities could be captured using exist- 
ing technology and systems, further research-and- 
development is required to implement the rest. Areas 
of opportunity include waste-heat recovery, separa- 
tions, and combined heat and power. By providing 
fuel-switching capability, the industrial sector serves as 
a quickly responding buffer against supply or demand 
shocks. Unfortunately, industrial fuel-switching capa- 
bility has decreased in recent years. 

Paper #6: Residential 
Commercial Efficiency ♦ 

About 40 percent of U.S. energy is consumed in 
the residential and commercial sectors. If "achiev- 
able” cost-effective energy-efficiency measures were 
deployed, energy use In these two sectors could be 
roughly 15-20 percent below that anticipated in a 


business-as-usual future. Most energy consumed in 
these sectors is for traditional uses such as heating, 
cooling and lighting. However, a growing portion 
is being used to power new devices, many of which 
were rare or even nonexistent just a few years ago. 
Significant efficiency improvements have been made 
In building shells, systems, and appliances. But these 
improvements have been offset to some extent by 
additional demand for energy services resulting from 
trends toward bigger structures, use of increasing 
numbers of traditional appliances, and introduction 
of new energy consuming devices. Buildings typically 
last decades if not centuries. Many of the features of 
buildings that affect their energy consumption largely 
will go unchanged throughout the life of the building. 
Technologies and practices affecting energy use in 
these long-lived systems will be slow to penetrate and 
affect overall efficiency. 

Supply Task Group 

Paper #7: Global Access to Oil and Gas ♦ 

For environmental and other policy reasons, gov- 
ernments around the world, including the U.S., have 
reduced access to oil and natural gas resources. This 
paper is a detailed description of resource types, loca- 
tions, and volumes subject to U.S. federal access restric- 
tions or moratoria. The paper also includes data about 
restricted ^obaJ and North American access as well as 
oil and gas production from marginal U.S. wells. 

Paper #5; Biomass ♦ 

Biomass is part of the global resource endowment 
for supplying energy. This paper is a detailed survey 
of biomass, particularly cultivated crops, as a source 
of both energy and food. The paper considers the 
range of estimates for energy supplied by biomass: 
agricultural capacity to meet projected fuel and food 
demands; and the conditions needed to optimize 
energy crop production, including bioengineered or 
genetically modified crops. It also discusses infra- 
structure considerations and second-generation con- 
version technologies needed to secure biomass as a 
significant source of energy supply. 

Paper #9: Gas to Liquids (GTL) ♦ 

The term gas to liquids refers to technologies that 
convert natural gas to liquid fuels, as an alternative to 
refining crude oil and other commercialization paths 
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for natural gas. Interest in large-scale GTL has grown 
over the past 10 years, based on strong demand for die- 
sel fuel, particularly in Europe and Asia; increasir^y 
stringent environmental specifications for diesel fuel; 
the commercial potential in monetizing stranded gas; 
and requirements to reduce flaring of natural gas and 
develop economic uses for the gas. This paper describes 
recent GTL developments and assesses potential capac- 
ity additions and commercial prospects. 

Paper^lO: Geologic Endowment ^ 

The geologic endowment of oil, natural gas, coal, 
or other hydrocarbons is a fundamental consider- 
ation for energy policy. This paper defines the major 
types of hydrocarbons and essential concepts such 
as reserves and resources that arc used in energy dis- 
cussions. The paper discusses a wide range of global 
resource estimates, their underlying methodologies, 
and the challenges in making resource assessments. 
The discussion concludes with a call to update esti- 
mates of global hydrocarbon resources using best- 
practice assessment techniques. 

Paper it 11: Hydrogen^ 

Hydrogen is of great interest in the longer-term 
as the potential basis for a non-hydrocarbon energy 
economy. This paper describes the potential role of 
hydrogen at large scale in reducing U.S. petroleum 
imports and carbon emissions. The paper summarizes 
a range of estimates for hydrogen’s share of energy 
supply through 2030 and beyond and discusses the 
R&D. distribution, and infrastructure requirements 
needed to make hydrogen a viable supply option. 

Paper #12: Infrastructure ♦ 

Transportation infrastructure is a vast, complex 
network of pipelines, railways, waterways, and roads 
that deliver energy from sources of supply to points 
of demand. Much of the U.S. transportation system 
was in place by the 1970s. This paper concludes that 
the network is approaching a tipping point as aging 
infrastructure contends with growing and increas- 
ingly diversified demand. Fragmented or outdated 
data about infrastructure add to the uncertainty in 
assessing the current state or planning for future 
requirements. The paper concludes that energy 
transportation infrastructure should become a 
national priority in the interests of economic .secu- 
rity and national security. 


Paper #13: Liquefied Natural Gas (LNG) ♦ 

Liquefied natural gas is gas that has been cooled as 
a liquid for transport when pipelines are not econom- 
ically or otherwise feasible. This paper describes the 
principal elements of the global LNG trade, defines 
the LNG "value chain.” and assesses the prospects of 
emerging LNG exporters and consumers. 

Paper #14: Non-Bio Renewables ■# 

This paper surveys the economic, technical, and 
policy prospects for non-bio renewable energy 
sources, including wind, solar, tidal, and geother- 
mal power. Although these energy sources do not 
produce liquid fuels that compete with petroleum 
products, they all generate electricity or heat that can 
displace hydrocarbon power sources such as natural 
gas or coal. While each renewable source has unique 
features, they all share such characteristics as high 
construction or installation costs but tow operating 
costs. The paper discusses these characteristics and 
their implications for potential timing, scale, and rate 
of adoption of renewable energy sources. 

Paper#15: Summary Discussions 
on Peak Oil ♦ 

This paper defines “peak oil” as one class of oil pro- 
duction forecasts and summarizes the arguments 
made for this point of view. The paper is based on two 
teleconferences with peak-oil forecasters, and a third 
teleconference with forecasters who do not share their 
view. The paper describe.s key concepts and indica- 
tors for the peak-oil position, including new field dis- 
coveries. production maxima in some oil-producing 
countries, and the inability of some producing coun- 
tries to meet both domestic and export demand. The 
report concludes that concerns about supply short- 
falls due to post-peak production have merit and war- 
rant further consideration. It aJvSO warns that incon- 
sistent definitions and reporting of production and 
reserve data raise uncertainty in supply forecasts. 

Paper #1 6: Refining and Manufacturing 

This paper addreSvSes questions about the refining 
capacity that will be needed over the next 25 years; the 
location of that capacity; the technology required to 
process unconventional feedstock; and policy or reg- 
ulatory issues that inhibit new refining capacity. The 
paper concludes that all projections for 2015 show 


li-4 


Facing the Hard Truths about Energy 



730 


that primary oil demand will exceed projected refin- 
ing capacity, even assuming that all announced refin- 
ery expansion projects are implemented. Growing oil 
demand in the United States is projected to outpace 
the increase in domestic refining capacity, leading to 
increased imports of finished products. Increasing 
technical complexity, regulatory requirements, and 
lengthy permitting procedures will have a combined 
effect on capacity expansion. 

Technology Task Group 

Paper #1 7: Carbon Capture and 
Sequestration (CCS) ♦ 

It is likely chat the world is moving into an era of 
carbon management involving several measures 
to reduce CO 2 emissions, including improvements 
in the efficiency of energy use and the use of alter- 
natives to fossil fuels such as biofuels, solar, wind, 
and nuclear power. However, to meet the energy 
demands of the nation, the United States will con- 
tinue using fossil fuels, including coal, extensively 
over the next 50 years or more. To do so it will be 
necessary to capture and sequester a large fraction 
of the CO 2 produced by burning these fossil fuels, as 
discussed in this report. 

Paper 018: Coal to Liquids and Gas ♦ 

This Topic Report focuses on the potential of coal 
to liquids and coal to gas technologies, and potential 
advances in these conversion processes. It exam- 
ines the inputs and assumptions from various pub- 
lications and the range of production estimates from 
these technologies. 

Paper 019: Conventional Oil and Gas 
(including Arctic and Enhanced Oil 
Recovery) ♦ 

Large volumes of technically recoverable, domes- 
tic oil resources — estimated at 400 billion barrels — 
remain undeveloped and are yet to be discovered, 
from undeveloped remaining oil in place of over a 
trillion barrels. This resource includes undiscovered 
oil, stranded light oil amenable to CO 2 -EOR tech- 
nologies, unconventional oil (deep heavy oil and oil 
sands), and new petroleum concepts, such as residual 
oil in reservoir transition zones. The status of these 
resources is the topic of this report. 
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Paper 020: Deepwater^ 

Deepwater oil and natural gas resources are con- 
ventional reserves in an unconventional setting. The 
Topic Report describes the top priority deepwater- 
specific technological challenges. These are reservoir 
characterization, extended system architecture, high- 
pressure and high-temperature (HPHT) completion 
systems, and metocean (meteorological and subsur- 
face) forecasting and systems analysis. 

Paper 021: Exploration Technology 4 

The exploration topic study group identified five core 
exploration technology areas in which future develop- 
ments have the potential to significantly impact explo- 
ration results over the next 25 years. These areas are seis- 
mic technologies, controlled source electromagnetism, 
interpretation technoiogy, earth-systems modeling, and 
subsurface measurements. The Topic Report describes 
these and other aspects of exploration technology. 

Paper 022: Heavy Oil 4 - 

Heavy oil. extra-heavy oil. and bitumen are uncon- 
ventional oil resources that are characterized by 
high viscosity (resistance to flow) and high density 
compared to conventional oil. Production methods 
currently in use and those needed in the future are 
described in the Topic Report. 

Paper 023: Human Resources ♦ 

The majority of oil and natural gas industry profes- 
sionals are less than ten years from retirement eligibility. 
There are fewer academic departments in petrotechni- 
caJ areas now than 20 years ago, and significantly fewer 
petrotechnical students are being trained to replace 
upcoming retirees. The upcoming demographic shift 
in employees is described in the Topic Report. 

Paper 024: Hydrates 4 

Gas hydrates are found within and under perma- 
frost in arctic regions, and also within a few hundred 
meters of the seafloor on continental slopes and 
in deep seas and lakes. The reservoir architecture, 
technology needs, and eventual economic impor- 
tance of hydrates in arctic and marine environments 
may be very different. Arctic hydrates lack validated 
methods for economical production, but for marine 
hydrate resources the added challenge is even more 
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fundamental: a validated means of reliably finding 
them in significant deposits. 

Paper #25: Nuclear Power 

Nuclear power is expected to have a greater impact 
on use of coal rather than oil or natural gas, because 
it provides base-load power. This Topic Report dis- 
cusses the predictions of future nuclear power usage. 

Paper #26: Oil and Gas Technology 
Development ♦ 

Since the beginning of the modern age of oil and 
natural gas, technology has played a fundamental 
role in supporting the efficient production of hydro- 
carbons. Payoff from a new technology can be huge, 
both for the individual company and for national 
energy security. However, commercializing tech- 
nology in the oil and gas market is costly and lime 
intensive: with an average of 16 years from concept to 
widespread commercial adoption. The Topic Report 
describes the technology development process. 

Paper #27: Oil Shales ♦ 

Globally, it is estimated that there are roughly 3 trillion 
barrels of shale oil in place, which is comparable to the 
original world endowment of conventional oil. About 
half of this immense total is found near the common 
borders of Wyoming, Utah, and Colorado. The Topic 
Report describes very recent advances in recovering this 
resource and the additional challenges ahead. 

Paper #28: Transportation Efficiency ^ 

Improved efficiency in transportation can have a sig- 
nificant influence on future energy usage. This report 
examines several studies on transportation technolo- 
gies and discusses the efficiency gains to be obtained 
in segments of light-duty vehicles, heavy-duty vehicles, 
air transport, marine shipping, and rail transport. 

Paper #29: Unconventional Gas #■ 

Unconventional nature gas resources constitute 
some of the largest components of remaining natural 
gas resources in the United States. The Topic Report 
describes in detail tight sand, coalbed methane, and 
gas shale resources, and discusses advances needed 
in these areas. 


Geopolitics & Policy Task Group 

Paper #30: Historical Perspective on Energy 
Crises and U.S. Policy Responses ♦ 

Section I excerpted from 1987 NPC Report, Factors 
Affecting U.S. Oil & Gas Outlook. 

Macroeconomic Subgroup 
Reference Reports 

Paper #31: Energy Markets Grow Up: 

How the Changing Balance of Participation 
Influences Oil Price, Katherine Spector, 
6/15/05 * 

This report explores who trades financial energy 
today, and how they participate in the market. The 
increase In the number of would-be buyers of energy 
over the past few years — including energy consum- 
ers, fundamentally inspired speculators, and passive 
investors — coincided, as prices rose, with a marked 
decline in hedging by producers, the market’s natural 
sellers. The result is a sharp increase in the competi- 
tion for forward price that has changed the way the 
market responds to bullish energy fundamentals. 

Paper #32: Energy Markets Grow Up Part 11: 
Who Trades Energy Now and How Much 
Does It Matter? Katherine Spector, 1/8/07 ♦ 

This is the follow-up report to “Energy Markets Grow 
Up: How the Changing Balance of Energy Market Par- 
ticipation Influences Price,” a report which looked 
at who trades energy and why, and explained how 
the development of the financial energy market has 
changed the path of not only energy prices, but the 
shape of the futures curve and volatility. This report 
updates that discussion, examines what has changed 
in the past year, and — in a market with so little hard 
data on money flows — attempts to quantify the role 
that some of these market participants play. Specifi- 
cally. this report estimates the per-commodity inflows 
and outflows associated with index investment on 
a quarterly basis since 2002. This report attempts to 
isolate the flow of money from rebalancing pure index 
positions to maintain fixed allocations to commodi- 
ties. The report also explores some of the strategies 
that investors are using to improve returns — and that 
banks are usingto manage the risk associated with sell- 
ing index style products to real money customers. 
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Paper ^33: Oil Shocks and the Global 
Business Cycle, David Hensley, 5112106 > 

This report examines the increase in oiJ prices in 
the 1970s and the increase in oil prices in the 2000s 
and identifies the factors that contributed to the dif- 
ferent outcomes in the two periods, including the dif- 
ference in energy intensity, the rapidity of the price 
rise, and geopolitical tensions. 

Paper ^34: The Good, the Bad and the Ugly 
about the Oil Shock Impact on Emerging 
Markets, Luis Oganes & Katherine Spector, 
10121105-^ 

This report examines the impact of the increase in 
oil prices seen in 2003-2005 on net oil exporters in 
Emerging Market. 

Paper ^35: Three Propositions on the 
Economics of Greenhouse-Gas Regulation, 
Marc Levinson, 2/1 4/0 7 ♦ 

This presentation was presented by Marc Levinson 
at the NPC Carbon Management meeting on Febru- 
ary 14, 2007 in Princeton. Three propositions about 
climate change include; (1) If greenhouse-gas emis- 
sions cause social harm, emitters should bear a cost 
intended to discourage emissions: (2) Although it is 
impossible to calculate an "optimal’' cost of emis- 
sions, the cost must be high enough to discourage 
consumption of greenhou.se-gas-intensive goods and 
services; (3) The real cost of emissions should rise on 
a predictable path over an extended period of time, 
as extremely sharp or erratic price changes have the 
potential to cause significant economic harm. 

Paper # 36 ; Capturing the Gains from 
Carbon Capture, Marc Levinson, 4/1 1/07 ♦ 

Carbon sequestration — the burying of carbon diox- 
ide captured from power generation and manufactur- 
ing — is likely to develop into an extremely large Industry 
in the face of mounting concern about climate change. 
Investor interest in climate change has so far centered 
on utilities and fossil-fuel producers. This report seeks 
to widen this focus and look at opportunities for the 
industrial companies that are staking out roles in the 
infant capture-and-sequestration industry. 


Paper //37: Carbon Dioxide: A Commodity 
Market Perspective, Scott Speaker, 3/27/07 ♦ 

This report intends to assess the emerging risks 
and opportunities of impending regulation of carbon 
dioxide emissions from U.S. power generators and 
heavy industries from a commodity market perspec- 
tive and quantify potential impacts where possible. 

Paper # 36 ; All You Ever Wanted to Know 
About Carbon Trading, January 2007 ♦ 

This report provides an introduction to carbon 
trading and examines the emerging risks and oppor- 
tunities of impending regulation of carbon dioxide 
emissions. 

STUDY DATA WAREHOUSE FILES 

To make the study’s broad-ranging and original 
sources easily available to all participants, a data ware- 
house was developed. This provided for centralized 
management of the multidimensional data collected. 
By the time it concluded, the study had compiled and 
used nearly 100 energy forecasts or outlooks. These 
forecasts and several hundreds of papers/documents 
on various aspects of the energy sector were used in 
the interpretations that formed the basis of the study 
findings and recommendations. 

The data warehouse was designed to be the main 
analytical tool for the Task Groups, accepting all data 
collected from the survey questionnaire and other 
data sources. Once in the data warehouse, selected 
values or ranges of values for any or all dimensions 
could be applied as a filter to enable analysis. 

A$ with the Topic Papers, the National Petroleum 
Council has not endorsed or approved the contents 
of the study’s Data Warehouse but approved mak- 
ing available this information as part of the study 
process. 

The NPC believes that the information in the Data 
Warehouse will be of interest to the readers of the 
report and will help them better understand the study 
results. The structured data used in the NPC study, 
along with software to display data and graphics, are 
being made available in the interest of transparency. 
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CRONVHS Hi HeBflEfieilONS 


ACEE 

Amerkan Council for an Energy- 
Efficient Economy 

AEO 

Annual Energy' Outlook (annual 
publication from EIA) 

AIChE 

American Ins titute of Chemical 
Engineers 


Arctic National Wildlife Refuge 

APEC 

Asia-Pacific Economic Cooperation 
(a group of energy ministers from 

2i countriesS) 

ASPO 

Association for the Study of Peak Oil 

Btu 

British thermal unit 

CAFE 

Corporate Average Fuel Economy 

CBM 

coalbed methane 

CCS 

carbon capture and sequestration 

CCSP 

U.S. Climate Change Science Program 

CHP 

combined heat and power 

CO 2 

carbon dioxide 

CSEM 

controlled source electromagnetism 

CSS 

cyclic steam stimulation 

CTG 

coal-to-gas 

CTl 

coal'to-liquids 

EC 

European Commission (see also WETO) 

DOE 

U.S. Department of Energy 

E&P 

exploration and production 

W ' QP\ ms j! d Abbreviations 


EOR 

enhanced oil recovery 

EIA 

doe's Energy Information 
Administration 

EPRI 

Electric Power Research Institute 

FAO 

Food and Agriculture Organization 
of the United Nations 

GDP 

gros.s domestic product 

GTL 

gas-to-liquids 

HOV 

high-occupancy vehicle 

HVAC 

heating-ventilation-air conditioning 
systems 

lEA 

International Energy Agency 

lEO 

International Energy' Outlook 
(annual publication from EIA) 

IGCC 

integrated gasification combined cycle 

lOCs 

international oil companies 

lOGCC 

Interstate Oil and Gas Compact 
Commission 

IPCC 

Intergovernmental Panel on 

Climate Change 

LDV 

light duty vehicle 

LNG 

liquefied natural gas 

MB/D 

million barrels per day 

nipg 

miles per gallon 

MMS 

U.S. Minerals Management Service 
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NAFTA 

North American Free Trade Agreement 

R&D 

research and development 

NGL 

natural gas liquid 

R/P 

reserves-to-production 

NIMBY 

not in my back yard 

RPSEA 

Research Partnership for a 

Secure Energy America 

NGOs 

non-governmental organizations 

SAGD 

steam-assisted gravity drainage 

NOCs 

national oil companies 

SPR 

Strategic Petroleum Reserve 

NOx 

nitrogen oxides 

SSEB 

Southern States Energy Board 

NPC 

National Petroleum Council 




TCF 

trillion cubic feet 

OECD 

Organisation for Economic 

Co-operation and Development 

URR 

ultimately recoverable resources 

OPEC 

Organization of Petroleum Exporting 

USGS 

United States Geological Survey 


Countries 

WEC 

World Energy Council 

PDVSA 

ppmv 

Petroleos de Venezuela (Venezuela’s 
national oil company) 

parts per million by volume 

WEO 

World Energy Outlook (annual 
publication from lEA) 

WETO 

World Energy Technology Outlook 2050 

PPP 

purchasing power parity 


(published in 2006 by European 
Commission) 

Quad 

quadrillion Btu 

WETO-H2 

WETO Hydrogen Case 

RECS 

ElA’s Residential Energy 



Consumption Survey 

WTO 

World Trade Organization 



Note: A detailed glossaty of terms used in this report is available at www. npc. org and 
on the CD that accompanies the printed report. 
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CONVERSION FACTORS 


1 barrel = 42 U.S. gallons =159 liters = 0.16 cubic meters (m^) 

1 cubic foot = 0.028 cubic meters (m^) 

1 cubic meter (m^) = 35.7 cubic feet 
1 short ton = 0.91 metric tons 
1 metric ton = 1.1 cubic feet 

APPROXIMATE BTU CONTENT' 

100 million metric tons of oil equivalent = 4 quadrillion Blu 
1 quadrillion Btu = 25.2 million metric tons of oil equivalent 
1 barrel of crude oil = 6.0 million Btu 

1 million barrels of oil per day = 2.12 quadrillion Btu per year 
1 cubic foot of natural gas = l,0v30Btu 
1 billion cubic feet per day = 0,38 quadrillion Btu per year 
1 short ton of coal = 20.3 million Btu 

1 million short tons of coal per day = 7.4 quadrillion Btu per year 

1 gigawatl-bour of electricity = 3,412 million Btu 

2,400 gigawatt-hours of electricity per day = 3 quadrillion Btu per year 

1 barrel of motor gasoline = 5.2 million Btu 
1 barrel of distillate fuel = 5.8 million Btu 
1 barrel of residual fuel oil = 6.3 million Btu 


1 Actual heat values vary over time and by source. The values shown are an approximation. 



